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PREFACE. 



There are so maa/ books on Physiography, that, in order to justify 
the existence of this one, it is necessary to state in what respects it 
differs from those before it. In the first place, owing to the rapid 
advances of science in recent years, text-books which formerly 
ranked first of their kind have dropped out of date. Tlie information 
ihey contained, though once constituting the standard of a good 
scientific education, is now afmost matter of common knowledg^e. 
That this is the case is strikingly shown by (tie changes in the 
regulations of the DepaMment of Science and Art, published in 
November, 189-1. It has been reso-lved that— 'After the May 
Examinations of 1S97, the payment of £1 now made for the second 
class in the elementary stage of each science subject shall cease. 
An elementary paper will continue lo be set in each subject, but tlie 
results will be recorded simply as J)cus or fail, the standard for 
passing being about the same as that now required for a fi.rst class, 
I.e., about 60 per cent, of the marks obtainable.' The change is 
sufficient to necessitate a thorough revision of all the text-books that 
have been written to meet the requirements of the Examiners at 
South Kensington. The knowledge which it was once the aim of a 
teacher to impart, to his students must now almost be regarded as the 
point from which lo begin. To keep up with the march of science, 
teachers and students must now exercise themseives far more than 
was essential a few years ago. The time is coming— it has come- 
when an elementary knowledge of the facts and principles of science 
is considered requisite fgr the completion of an ordinary education. 
The mental horizon has been extended, so he who desires to see 
further«into the workings of Nature has to climb to a higher level 
than formerly. It is oa this account that the author has dealt more 
fijlly with many parts of his subject than is usual in an eleiEentary 
lext-book. 

In recent years the fashion has grown to heap obloquy on boioW 
designed to meet the leqiutemeat,?! la^ B-^-^^t^Ma. "^-A 'itsss.&^';J^s«.- 
thin^r to be said for sucVi a coiiy%c. Tbc ■>j\v«wsw*.-w^ 
intimatdy connected ttiat exammeis tt«k5X ii^^*^ ^ ^ 



to be ihe bQiiiidai ies of ilieir subject so as to j^idv the siudenfs 
reading. The divisicn is in many cases an arbitrary one, but it is 
essential, Tlie science of Physiograpliy ■cspeciHllj' needs its scope 
lo be slated. Since the word was first coined llicre have been 
considerable di/ferences of opinloTi as to its proper definition. Many 
teachers and authors of tejit-books suppose thai Pk)'siagrd[jhy is 
synonymous willi Physical Geography. That this idea is not held by 
Professors Jtiild and Lockyer, ihe examiners in Physiography, is 
shown by the fad tiial since 1 890 (he questions in Physiography have 
been divided into two groups, one of them containinj; questions which 
relate principally to Physical Geography, and lh,e other containing 
questions in the other part of the syllabus ; students being required 
to answer questions in bolJi groups. In fact, the earth Is ihe centre 
of reasoning in Thysical Geography, whilst Physiography embraces 
the M-htrie -of nature. The subject is thus very wide, but it is not 
deep. Physiography may indeed be regarded as a centre from 
which all the other sciences radiate. The student who desires Id 
know inorc of the wondrous workings of nature tnust set out along 
the path he likes best. To some extent, therefore, Advanced 
Physiography is a misnomer, for as soon as the elements of the 
subject are left behind the domain of another science is trespassed 
upon. 

lo most lext-books of I'hysiography the description of the earth 
as a part of the universe is relegated to a few pages at the end. 
Tile result is tliat this portion of the subject is generally scamped 
and very often not touched upon at all by the teacher. To remedy 
this, the descriptions of the movements of the e^rth and resulting 
phenomena have been inserted in early chapters in this book, and a 
larger amount of space than is u&ually deemed sufficient has been 
given to them. 

At the end of each chapter will be found lists of questions set oa 
(he subject of the chapters at the May Examinations since 1877, 
additional questions being added where the Department questions 
were few in number. The author's experience is that lh»rc is no 
lieitcr method of testing a student's progress than hy making Iiim 
answer (jueslions on the knowledge he is supposed lo have gained, 

The book is divided into tiventy-one chapters, each of which 
roughly contains the subject-matter for one lesson. Teachers will, of 
course om/rany portiiinE they think outside the range of Elementary 
J-'hysIogrsiphy, for the author has not canfmed VvmaeU W.VvtvX'j 

bounds of (he riepa.rtmenta\ syUabus. Its i-4fta V-^i ■ 
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mind is that it is better to err by giving too complete information 

than by giving too little. The definitions at the heads of paragraphs 
ought to be learnt or thorouglily understood by the student, as they 
will furnish him a solid groand-work on which to build up his 
knowledge. 

Those who have seen boolcs through the press know to what a lai^e 
extent an author is dependent -upon his friends. Errors, typograpliical 
and otherwise, where passed unnoticed by an author, are often quicldy 
detected by another reader. I am deeply indebted to several friends 
for the great assistance they have given me by reading through the 
proof sheets of this book. Mr, E, E. Foumier d'Albe, B.Sc, has 
kindly read through the whole of the book and furnished me with several 
excellent illustrations. This gendeman also prepared the nucleus 
of the introductory chapter. Mr. L. M. Jones, B.Sc, has been good 
enough to read the proofs and give me the benefit of his criticisms. 
Mr. S. H. Ford, A.R.S.M., has also aided me with a number of 
valuable suggestions and notes. 

Many of the illustrations have been drawn especially for this book 
by my friend Mr. W. H. Harvey, B.A. Others have come from 
various sources. Messrs, Negretti and Zambra have furnished me 
with illustrations of the meteorological instruments for which they 
are famed, and Messrs. Wilson, of -Aberdeen, have kindly given me 
permission to use some of their beautiful photographs. Illustrations 
from other sources are acknowledged in the course of the book. 

RICHARD A. GREGORY. 
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INTRODUCTION. 



E means tHe whole universe^ Xo become acfjuainled wilh ihe 
world we live in and with the orijs in space, lo imdersiaiid tlie aclion 
of forces al work about us, tn acquire a sure footJidld foi' ouc every 
action and enterprise, it is necessary that we should become familiaj: 
witli Nature's liabits or laws. 

A Phenomenon is anylliing wliich we perceive either directly by 
means of our senses, or indirectly by an extension of oiic senses, 
througli inslruments or otherwise. The fall of a stgnc, the tneltinff of 
ice, the burning of wood, are pbennmena with which we arc all familiar. 
All our knowledge of the laws of nature niusi be obtained thi augh one 
or more of the five senses, slglit, hearing, touch, tasle and smell. It 
is quite possible that through disuse we have lost a sense, and there- 
fore events mny be taking place of which we can never liave any 
knowledge as at present constituted, although they would appeal to 
the absent sense For exniLiple, it is ci:rtaii< that vibiations of sound 
and light exist which can never be directly detected. Our senses are 
trustworthy enough, but the judgments to which we are led by 
actions upon ihem are often incorrect. Parallel lines can be so drawn 
that to iLc eye lliey appear curved ; with the eyes shut it is impossible 
to tell in which direction a person snaps his fingers; lukewarm water 
appears hot to a hand taken out of cold water and cold to a hand 
from hot water ; and these cases could be corjsiderably multiplied. 

Science is that depanmeni of mental activity which investigates 
the connection and co^rrelation of natural phenomena. It Is accurate 
knowl-cdge obtained by observation and reasoning. The origin of 
science is lost in the lemotest antiquity. The capacity for forming 
abstract ideas, wbich distinguishes man from the animal creation, is 
the first step lowarde a lenowledge which not only remembers, but ex- 
plains and predicts. But this power Is not acquired in a day. It has 
taken the accumulated labours of centuries to bring a small tract 
of the unknown under the swa^ of dis. Wmasv 'wJyfiJas*- *»s 
beginning Of time man muslVzwt Ss.w^s.M 
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aspect of natural phenomena. But casual observations, excited by 
curiosity and sentimental admiration, do not constitute science. Yet 
such an elenientaiy fact as 'fire bums wood ' is in reality an inference 
from a long series of obser\'ations. Sucli fads, like isulaled facts in 
history, are of little importance except in so far as they may help Co 
explain other facts. After a mass of facts had been accumulated, their 
relation to each other could b-e studied, and the causes beneath them 
could be investigated, and then the foundation of science became 
pussilile. 

Experiment cgnsists in changing the conditions and arrangements 
of natural bodies in order to carefully examine their behaviour. 
It is generally known that iron is, bulk for hulk, heavier than water. 
Experiments liave shown it to "be seven times heavier. Water, when 
heated sufficiently, passes away into steam. By experimentally 
inv est igfi ling tlie conditions, it has heen found that this change of 
state occurs at a fixed lemperattire. Similar experiments are made 
with other liquids, and from the facts of observation certain 
conclusions are drav?n. This method of observiition and imiircdctn 
dilfers from that of deduction., in vogue before the time of Galileo. 
The latter begins by staling a cause or principle, as in the case of a 
proposition in mathematics, and then showing what effects follow 
upon it; tlie former observes the eflectSj and formulates a law wliich 
embraces them. After facts have been accumuialed and inductions 
di'awn from tiicm, it is possible tu deduce or prophesy what would 
occur if the conditions were repeated, and when these consequences 
have been verified by a large number of observations the statement 
of them is a Luiu a/ A'liture. It is simply a convenient expression 
of a certain range of phenomena. The law can be changed, but it 
cannot be violated. If an experiment should be made which combats 
a law, then the law must be extended lo include the new fact. 

Divisions, of Science. — Nature is so vast, and life is so short, that 
it is impossihie for one man to carefully investigate the facts at 
present known. Sciendsts generally confine themselves to one 
department and make themselves masters of it. Phytics or Natural 
Philosophy is the science wliich considers the phenomena of the 
material world. Ckemistry is the science which treats of the changes 
of matter. Astranomj/ is occupied witli the heavenly bodies, their 
constitutions, periods, and laws. Geology recounts the history of 
the earth. Geograj>hy describes the earth as it is. Mineralogy treats 
or the c/a^siScation, c-Jiaracieri sties, and propeities ut mvv\^T&U. 
*i^Aan'/ej£}, is tlie science of the atmosphere. Biology \TCTft5.t\¥.W*x 
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the general conditions of oi^nic life. Botany and Zoology describe 
the vegetable and nnimal organisms at present existing on our globe, 
wliile Paleontology studies the remains of beings which once 
inhabited it. But no hard and fast line can be drawn separating these 
sciences from cne another. Many of the facts of astronomy can only 
be understood with a knowledg-e of physics and chemistry. 
Mineralogy must be connected with geology and with physics and 
chemistry. How, for instance, is it possible to separate mineralogy 
and chemistry when a chemical analysis of a mineral is often the only 
sure means of identifying it? Similarly, zoology and botany depend 
upon chemistry for an explanation of the reactions which go on in 
the tissues of organisms, and upon physics for other phenomena. 
In fact, all the sciences are joined together to form 'the solid 
ground of Nature.' The divisions are purely arbitrary, but are 
necessary for the development of fuller knowledge. 

PhvsiOGRAPHV is the science of nature. It describes the chief 
facts and principles of the whole universe. All the sciences may be 
considered to radiate from physiography. Just as a tourist at cross- 
roads looks down one road after another until lie selects that along 
which he will travel^ so the student of physiography has placed before 
him a panorama of nature. He likes one picture better than the rest, 
and longs to get a deeper insight into it, and so develops into a devotee 
of science by following up his inclination. 

In the present volume it is intended to give an oudine of the results 
obtained, up to the present, in the sciences dealing w ith ihc properties, 
motions, and changes of material substances, in as far as they arc not 
organised, or may be considered as inorganic. As there must be new 
words for new ideas, it lias been found necessary in science to adopt 
some terms and expressions which are not familiar to every-day life. 
These are the ' technical terms,' mthoiil which it would be dilficult to 
communicate knowledge with accuracy. It is hoped that in the follow- 
ing pages their explanation will be found clear and their use consistent. 
And if the bewildering variety of thinjfs seems to dissolve itself into 
order and harmony, die student will feel as if he had obtainetJ agl.ince 
into the workshop of the world and seen the Master at work. 
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MATTER AND MOTION. 

Matter is the name of ahything in the Universe 
that gives rise to phenomena which affect one or 
more of our serises.— On a clear nl^ghl ive ace the heavens 
glitlei-ing witH brilliatit points of light which we call stars, but 
had mankind not been blessed with sight these objects would, 
as far as he was concerned, have no exisience. We cannot see 
the air which surrounds us on all sides, but its presence ia 
demonstrated to us, when the win<l Wows, throug;h the sense of 
touch. The sense of smell may render us conscious of forms 
of matter which we can neither see nor feel, whilst the fact that 
the gas we burn in our houses may be felt as it issues ftom the 
burners, sme^E as it escapes into the rooms, and utilised for 
illuminating purposes, gives us at once the idea that we are 
deahng with a material substance, body, or thing, by appealing 
to several of our senses. 

The following are general properties or qualities possessed 
by all forms of matter 

Matter is Impenetrable, that is, it occupies space, and 
therefore it is impossible foe two portions of matter to be in the 
same place at the same time, or for a single portion of matter Co 
occupy two ptaces at the same time. 

Matter is Porous* — A body is said to be porous when 
there are between the portions olT matter of which it is composed, 
spaces not filled by them. Such substances as bread, sugar, 
corlt, sponge, blotting paper, or tlie human skin, have sensibU 
or visilile spaces or potea betwem fee -vj's.w.cSsi^ ■^'v -■s^*.*^^'*^^ 
are composed, and aie saii \.o fti-meabU. "^fe.itwa:*«M5^i, - 
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the property utilized in filters, the pores betiveen the particles of 
paper, sand, or carbon being^ large enough to let water pass, and 
smLdl enough to prevent the passage of the solid matter in 
suspetision. Substances such as steel, water, or air, show no 
apparent want of continuity even when mictoseopically examined: 
but since they may be compressed, and contract with cold, and 
since matter is impenetrable (see above)> it is concluded that 
vacant spaces must exist between the particles. A direct proof 
of the porosity of steel is the fact that water can be forced 
through, it by means of enormous pressure. The porosity of 
hciuids is proved hy mixing equal proportions of *aler and 
alcohol in a glass tube. The volume or spaqe occupied by the 
two liquids when mixed is less than their total volume when 
separate, hence some of the particles of matter of which one is 
composed must have (ilied up the interspaces between the 
particles of the other. 

An Atom is Indivisible and Indestructible.— The divisi- 
bility of a body means its capability of being divided up into a 
number of smaller parts; thus, a lump of salt can be crus.hed 
to fine powder. The division may be carried still further by 
dissolving a small portion of salt in a large quantity of distilled 
water. It is possible by this means to obtain water containing 
O'l'y romiiVfffft 3 grain of salt, jet this minute quantity can be 
detected by dipping a clean wire in the water, and holding it 
afterwards in the colourless flame of a spirit lamp, for the flame 
will be tinged with a chaiacterisEic yellow colour, A graia of 
gold may be beaten into a leaf having an area of 4g square 
inches, but so thin that 280,000 would only make up the thick- 
ness of an inch. And such leaves can be divided into fragments 
BO small that one of tbem would only weigh TSTnjWfre-fFTnr of 
grain. But notwithstanding these minute portions into which 
a body may be divided, there is little doubt but thai a limit must 
be reached beyond which further division is impossible. It is 
therefore assumed tiiat all matter !s made up of extremely minute 
and indivisible particles called atoms— a word which signifies that 
which cannot be divided. An atom is also well defined as some- 
thing that cannot be cut in two. 

Motion is change of Position.— The simplest kind of 
motion occurs when a change in the relative postrion or arrange- 
menc of bodies may be observed. Thus, a man travelling in a 
railway trsin has a imthn of li-anshtion vj\ih te^&tencfe Ws the 
t^e^raph posts apparently flying past Kim, "is xe'st x^\a.t«^ 
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to the carriage he occupies. We shall see later on tliat the earth 
has a raotion of rotation on its shortest diameter, or axis, and one 
of revolution round the sun, yet neither of these motions can be 
detected by observations of the artangement of bodies upon its 
surface. The motions of the moon and planets are made apparent 
by their changes of position relative to the stars, but the standard 
of comparison is again not an absolute one, for none of the stars 
are ait rest, and the whole of them may he in motion relatively 
lo objects invisible to us. These examples are sufficient to show 
that one body may be in a state of rest with respect to another, 
but in motion with reference to some otlier body ^lot moving 
with it — that, in fact, we can only know relative, and not absolute, 
rest Or motion. And this is not all, for thete IS little doubt that 
although a body may appear in relative rest as a whole, yet the 
finest particles of which it is composed are in rapid raotion among 
thesnselves, that is to say, the finest particles or molecules ol 
which a lump of ice is built up are probably possessed of some 
kind of rapid motion, the magnitude of which is increased when 
the ice is transformed into water, and rendered still more violent 
when the Vrater passes into the gaseous state. These motions, 
howei'er, are too small and too rapid to be determined by direct 
observation, and are demonstrated by methods which will be 
alliidcd to in a future chapter. 

In order to understand the laws concerning the raotion of 
matter, it is necessary to define the standards or units of measure- 
ment. 

English and French Units of Lengrth. — The English 
Clrii/ (if Zengt/i is called a yard, and is the distance between two 
marks on a bronze bar deposited with the Board of Trade. A 
foot is one-third of this distance, and is the unit to which we 
shall generally refer. 

The French do not use the same unit of length as is adopted 
io England, but one called a metre, which is slightly longer than 
a yard. When this length was agreed upon, it was supposed lo be 
equal to one ten- millionth part of the distance from either pole to 
the equator of the earth, and a bar of platinum representing 
this length wns deposited in the Archives of Paris, Later mea- 
surements have shown that the distance from either pole to the 
equator, measured on the circumferenceof theearth, is ro,ooo,8So 
metres, therefore the platinum bar is not the ti'w^wwtv'-s.-s-j-.'a's^s*- 
posed to be, but this does not mMtse, sffie-cV ■j'is.-aa "i.^ *- 
ThB metre is divided itvlo ten -pa-tU tsOiti i«dv.itire.s, ea^ 



which is autdivided mto ten parts called centimetres, each con 
Caining ten milUmelns. The following table shows the rektion 
that esisls betweeo the English and French or metric units ; — 

I metie = 39'37i inches. i y!ird = o'9i44 mutres. 

= 3-281 feet. J foot =cf304S „ 

= 1-094 yards. I inch -o'02S4 „ 

= 1-^: jards. „ = 25 milhmetres (about). 
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Fig. I. Compa.risoEi of Fiencli ceuttmetcea with English inches, 

Fig. I exemplifies the relation between these standards of 
linear measurement. 

The Units of Superficial Area or Surface are easily 
derived from those of lengdi, a square jard being equal to 
a square of which each aide measures one yard, and a square 
metre being a similar square, having each side one metre In Igngtli, 
A simple calculation shows tlut one square yard = o'SjGi square M 
metres. ^ 

The Units of Volume or Capacity should also be obtained 
from the units of length. The litre, or t]ie volume occupied by - 
one cubic decimetre, is the French unit of capacity. No simple ^ 
relation exists between the English measures of capacity and " 
length, one pint being equal to 34'6S9 cubic inches. One gallon 
is equal to 4'543 Utres, and one litre is equal to 1*761 pints, or 
0'22o of a gallon. 

The Unit 0/ Time or duration most frequently used in scsentific 
work is the second, this being gn^np th part of the laterval of time 
which we call a mean solai day. 

Velocity is Rate of Motion. — A certain interval of time 
must elapse whilst a body passes from one position to another, that 
is, tiirough a certain space. Velocity is, therefore, measured by 
re[eienf:& to the fundamental ideas of Sf/ate and Time. In 
general, the unit of space used in "England is the foot, and a second 
's the unit of time. Thus a body mo\'in^ the ia.\e. cil Q-at ^ocX 
per second, or ten feel in ten seconds., Unit Vtlonta, "SiJaS^ 
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is, rnores over the adopted unit of space in a unit interval of time. 

The velocity of a tody is, therefore, determined by dividing the 
space traversed, by the time occupied. It is usual to spealt of a 
sliip as sailing at so many knots per hour, a knot being one 
geographical mile, that is, 2,029 }''i'*ds, and to espress the motion 
of a train in miles psr hour or minute. Of course, in comparing 
the velocities of two bodies, the same units must be used for both. 

Constant or Uniform Velocity is the Rate of Motion 
of a Body which passes over Equal Spaces in the Same 
Direction in Equal Intervals of Time. — If a ship sails at 
the rate of iz knots per hour, and its velocity be constant, it will 
pass over 14 knots iti 2 hours, 3 knots in a quart ei-of-an -hour, 
and ^ knot per minute. Hence, if constant velocity be known 
for any interval of time, the distance described iu any other interval 
can be calculated. We could, therefore, say that a body is moving, 
or moved, at the rate of 60 miles per hour, although we did not 
observe its motion longer than a fraction of a second. 

Variable Velocity is that of a Body which passes over 
Unequal Spaces in Equal Times.— A cannon ball leaves 
the mouth of a cannon with a certain velocity, and after a time 
comes to rest. During this interval the velocity of the ball 
must have been gradually decreasing, that is, the spa.ce El passed 
over in the first second was greater than that described in the 
next second, and so on, until it falls to the ground. Similarly, 
a stone let fall from a bridge gradually increases in velocity from 
the time it leaves the hand. At the end of the lirst second the 
velocity of the stone would be 32 feet per second, hence, if 
another body were given a velocity equal to that possessed by 
the stone at this ifistant, it would describe 32 feet in a second. 
The value oF variable velocity is measured at any instant, by the 
distance which would be passed over in a unit of time by a body 
having: the same velocity as that of the One in motion, at the instant 
under consideration. 

The Average Velocity of a Body during any Interval 
of Time is the Uniform Velocity with which the same 
space may be described in the same time. — A fanailiar 
example of variable velocity is afforded by a railway train, which 
increases its rate of motion when commencing its jourmey, whilst 
a decrease of velocity occurs when a station is approached. 

If a train be found to pass over s miles during the first 4 minutes 
of its motion, its average vttochy is h.ilf-a-mile \iet cn.i.ci.ii.'.t. T-'ssb. 
sig'ni/Tes that another turn tra,\R\\\t\% ■MvAcrt'o^i'j -as- '^^'^ ^'^^^ 
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half-a-mile per minute for 4 minutes, would describe the same 
distance as a train moving from rest and travelling' for 4 minutea 
with an average velocity of this amount. In the latter case the 
rate of motion would sometimes be greater and sometimes less 
l!ian the average, and at one instant must have been equal to it. 

To determine the average velocity of a body, the space traversed 
must be divided by the time occupied. 

Velocity may cliange both in magnitude and direction. Thus, 
a ship may sail for one hour with a certain velocity relative to an 
observer, and the next hour may be moving faster or slower in a 
different direction. Had the original velocity continued, the ship 
would have found itself at a certain point after a certain interval 
of time. The straight line which joins this point to that really 
occupied by the ship represents the change of velocity in the 
interval. 

Acceleration is Rate of Change of Velocity. It may 
denote an increase or decrease of motion, a change in 
direction, or changes both in magnitude and direction. 

— Acceleration, like velocity, may be uniform oc variable, In the 
former case, the change of velocity that occurs in a unit of time, 
is a measure of the acceleration of the body under consideration. 

If a stone be dropped from a bridge, at the end of the first 
second it will have a ve-lociCy of 32 feet per second. The same 
velocity will be added during the neKt second, so that at the end 
of this time the velocity of the stone will be 64 feet per second, 
In like manner, the velocity of the stone at the end of the third 
second will be 96 feet per second, and so on for any length of 
lime. In fact, the rate of change of velocity of the stone, or 
any body falling freely, is 3a feet per second. Tki ascekratton 
diie to gravity is therefore said to be 32 feet per second per 
second. The repetition of the words ' per second ' is intentional, 
and a little thought will convince the student that to speak only of 
an acceleration of so many feet per second is meaningless. 

In ordinary language the word acceleration is only used to 
express the act of increasing velocity; a diminution of velocity 
being denoted by the word retardation, whilst a change in 
direction is termed a deflietion. As will he seen by the foregoing 
definition, in physical science the meaning of the word 'acceiera- 
tidn ' embraces retardation and deflection. So far, we have only 
considered uniform acceleralion in the direction of motion. 
Uniform acceleration opposite to the direction of motion is 
e^templified when the velocity of a train is lessened by a constant 
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number of feet per second. A tetter example is afibrded when 
a bullet is shot up into the air. In this case the bullet leaves the 
month of the gun with a velocity whicli is uniformty accelerated 
or neutralised by the action of gravity. An initial velocity of 
1,380 feet per second would thus be destroyed at the rate of 32 
feet per second every second, and so the bullet would come to rest 
after it had been in the aic about 40 seconds. 

It should be observed that acceleration is only a relative term 
and cannot be used in a true or absolute sense, for if everything 
in the visible universe experienced a simultaneous acceleration 
of Che same quality, no means of observation could enable us to 
detect any difference in arrangement. 

In the preceding pages we have considered the visible motions 
of portions of matter or material systems, and have referred to 
Che invisible internal motions of the finest parCicJesi of whicii 
matter is composed. We have also shown that the idea of motion 
involves the fundamental ideas of space and time, whilst the laws 
laid down bring out the important fact ihsX a particU of 7«atter can 
only ociwpy one position at any instant of time. The results ob- 
tained may now be applied to a consideration of the action of 
fem on material bodies. 

Force is any cause that alters, or tends to alter, the 
motion of a body or that of its invisible particles.— 
A tintack will move towards a magnet placed near it, and finally 
stick to It. If, however, the tintacEc be held in the hand, near a 
magnet, a pull will be felt, This is an example of a force acting 
between two bodies although lliey are not in contact, and {eniling 
to produce motion. Such impressed or external forces, considered 
with reference to the alteration of the motion of bodies, are defined 
in Newton's axioms, or laws of motion, as follows : — 

Pirst Law of Motion. Every body continues in a state 
of rest or of uniform motion in a straight line unless 
it is made to change that state by some external force. 

—A block of wood soon comes to rest when thrown nlong the 
floor of a skating rink. This is due lo ihe resistance of the air, 
and the friction set up between the wood and the com|iaratively 
uneven surface along whkh it travels, whereby the wood is acted 
upon by forces in the opposite direction to that of its niotton. If 
these opposing forces be reduced by substituting an ivory block 
for the block of wood, and a horiiontal sheet of ice for the skating 
rink, it is a matter of common knowledge that the block waviiA 
(ravtl further, that is, would not tOTOe \o it",-!. =.twit\.. 



from a cannon will travel further still, because it has only the 
resistance of llie surrounding air to overcome; but it ulliiiiately 
comes lo rest, no matter what velocity we can give it. If, how- 
ever, the cannon could be transported into space, and the ball 
pmjerted with anj' velocity, it would go on for ever in a straight 
line, unless some external force turned it out of that direction. 

All bodies thai move in curves do so 
owing to the action of some force. If 
a stone he tied to a string, it can be 
swung round in a circle, but should 
the string break the stone will fly off 
along a tangent to the circle, and 
continue its motion iti a straight line. 
(Fig. z.) This law of motion brings 
out the primary property of matter, viz., 
its inertia. 



Fig. 2, 

Movemcnl of a body in 
a eireiilar |iflth. 

Inertia is a negative property of matter, in virtue of 
which a body tends to maintain its state of rest or of 
UQiform motion in a straight line. — When a lifeless body, 
such as a chair or table, is at rest, no one expects it to move without 
something moving it. All our experience fells us that matter cannot 
move of ilself, or change the speed or direction oF motion ; some 
external force must act u|ion it. A man on a horse is thrown 
bacltw.irds if thp horse give a bound forward ; this is because the 
man's body tended to maintain its slate of rest. If the horse 
should fall and so be suddenly stopped after being in motion, 
the rider is thrown over its head, because his body tends to 
maintain its state of motion. The jerks we receive when sitting 
in a railway carriage suddenly set in motion, or suddenly stt>pped, 
are also due to the inertia of our bodies. Again, a bicyclist 
on turning a sharp corner leans towards the corner, or he would 
be pitched over, for hts body tends to continue nvovin^ in the 
original direction. 

The mass of a body is the quantity of matter it 

contains. — The British standard, or unit of mass, is that of 
a piece of metal deposited in the Exchequer Oflice, and defined 
by Parliament to be the imperial pound, Tiiere should be "a 
simple relation between units of volume and mass. Unfor- 
tunately, In^IIsh weights and measures have not been atJjusted on 
sci^nlHic principles, so no simple connccUw cwsv^. teVNitew tlwin, 
ft is n-eJl to rfirieniber, however, WmA \ toVvc 
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weigVis very nearij- i,ooo cunces when it is just aliove the tem- 
perature of freezing. The French unit oF mass is the gram. It 
represents the weight of a cubic centimetre of water just aljove 
freezing point. A litre contains i,ooo cubic centimetres, hence 
tiie weight of a litre of water is 1,000 grams. This is a kilogram, 
and a piece of platinum representing this weight is kept in the 
Archives of Paris, 

Momentum is quantity of motion. — 'The numerical 
value of the momentiim of a body is the product of the 
number of units of mass in the body into the number of units 
of velocity with which it is moving,' Hence, if a mass of 
3 pounds has a velocity of 500 feet per second, its momentum 
is 3 X 500 = 1,500. A mass of 300 pnmi^s, having a velocity 
of 3 feet per second, would also have a moraentum = 1.500. 

Impulse is the time-action of a force, and is equal to 
the whole momentum generated by it. — Impulse takes into 
account the Ime during which a force acts, as well as its inUTinty. 
In the words of Clerli Maxwell, 'The product of the time of 
action of a force into its intensity, if \t is constant, or its mean 
intensity, if it is variable, is called the impulse of the force.' 

When a blacksmith strikes an anvil with his hammer the anvil is 
given a certain momentum. If the force of the blow could be 
conlinued for a longer time, a greater qnantity of motion, or 
momentum, would be generated. We can therefore say that the 
tolal effect of a. force in commiinicating velocity to a body, that is, 
the whole momentum generated by a force, or the impulse of a 
force, is proportional to the force and the time during which 
it acts. 

Sifmnd Law f>f Motion. — Chang'e of motion is propor- 
tional to the impressed force and takes place in the 
direction of that force, — A corollary upon this law of motion 
g J ^ is, that a body acted 
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on by two forces will 
describe the diagonal 
of a parallelogram in 
the time in which it 
would describe the 
sides under the in- 
fluence of the forces 
smgly. Thus, if AU 
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magnitude and direction, two forces acting on a particle at A, 
motion will take place in the direction AC, which, it will be 
seen, is the diagonal of the parallelogram ABCD. AC is called 
the resultant fora of the two ccmpomnts AB and AD. As an 
example of this motion, consider two horses towing^ a barge ; 
the barge does not move in the direction of either of the tow 
ropes, but up the river. 

The truth of the second law is assumed in ordinary life in the 
same way as that of Che first. Thus, the onward motion of a man 
in fl railway carriag'e or a ship does not prevent him from walking 
from one side to the other. The engine exerts the force which 
carries the man forward, but this force does not interfere with 
that brought into action by his muscular exertions. Again, if a 
stone be dropped from the top of the mast of a ship in motion, 
Ihe stone will fall at the foot of the mast notwithstanding the 
motion of the ship. This proves tfiat the horizontal velocity of 
* the stone, due to the ship's motion, does not interfere with the 
vertical pull that the earth exerts upon it. A simple modification 
oif the experiment may be performed by letting any body fall in a 
moving railway carriage. Experience tells us that the body used 
will fail to the lloor of the carriage, the circumstance of the train 
being in motion not affecting the earth's vertical pull at all. 

In modern scientific language the word 'motion,' in the above 
definition, signifies moniettiuvi, and by an ' impressed force ' is 
meant what has been defined as impulse ; hence the statement of 
the second law of motion in terms of impulse and momentum is, 
' the change of momentum of a body is numerically equal to the 
impulse which produces it, and is in the same direction.' In 
other words, whatever be the mass or motion of a body, the 
change of momentum produced by a given force acting for a 
given time iy always the same. This is an important fact, because 
it enables us to compare diiTerent forces and masses. 

Two bodies are of equal mass if equal forces applied 
to them produce, in equal times, equal changes of 

velocity. — Suppose a spring balance could be taken inio space and 
used lo push a body until the indicator of the balance pointed to a 
certain figure. The body would acquire a certain velocity, and 
if the same balance be applied to another body and the same 
pressure be e.verted for the same time, and if the velocity 
accjtiired is the s.ime in both cases, then we say that the two 
bodies contain equal quantities of matter, that is, they are equal 
w H7,iss, 
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If the Experiment could be performed we should find that 
69 cubic inch^ pf lead would acquire the same velocity as loo 
cubic inches of iron when the same force w.as applied to both. 
We therefore say that the mass of 69 cubic inches of lead is 
equal to that of 100 cubic inches of iron. 

The Unit of Force is that which acting; on the unit 
of mass for the unit of time produces unit velocity. — 
Since change of momentum fs proportional to the impulse, 
different forces applied to the same body for equal times 
produce different velocities. This may easily be understood if a 
spring balance be supposed to exert different pressures for equal 
times Oil anyone body isolated in siiace. Thus, if a certain force 
acted on 69 cubic inches of lead for one second, and a force of 
twice the inlenstty was applied to 100 cubic inches of iron for the 
same time, then the iron would acquire twice the velocity of the 
lead. 

The British unit of force is such that if it acted for one second 
on the mass of a pound it would produce a velocity of one foot 
per second. It is called a Poundal, 

Neifion's Laio 0/ Gravitation. — Every particle in the 
universe attracts every other particle with a force 
whose direction is that of the line joining the two, and 
whose magnitude is proportional to the product of their 
masses divided by the square of the distance between 
them, — This law is universally true. It holds good for the mnlual 
attraction of the sun and earth, and for the mutual attraction 
between the earth and bodies upon it, the attraction in both cases 
being proportional to the masses ofthe bodies. It is a very common 
mistalce to suppose that a body has weight as it has form or colour. 
Weight h the pull of Iki attractive /orce of grai'Uy, and we measure 
it by the amount of force we bave to use in order to overcome the 
earth's pull. The weight of a pound — that is, the force which 
causes it to fall — can be determined by letting it fall freely. If 
the experiment is made in CfTeat Britain, the velocity of the pound 
nt the end of r second will be about 32*2 feet per second. In con- 
sequence of tbe fact that the earth is not spherical in form, but 
an oblate spheroid, and that it is in rotation, the weight of a pound 
difi'ersat different parts of the earth. At the Poles the same body 
would acquire a velocity of 33"25 feet per second after falling 
freely for 1 second, whilst at the Equator the value decreases 
lo 33'oc). A spring balance can be used to ww'ii^'^s.'^ 
force oJ" gravity at diffeieiil ip\ace^ aaSCa. K ■s.via-asis^R- 
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weighing 191 ounces on such a balance at the Equator would 
apparently weigh nearly 192 ounces if the experiment could 
be Tepeatftd at the Poles. An ordinary pair of scales, however, 
would show no difference at any poitit on the earth, because gravity 
would act in the same way on both the weights and the body being 
weighed. Such a balance only shows when the weights are equal. 
The Intensity of Gravity is the same at the same 

place for -all substances. — If two bails of the same size, 
one of lead and the other of cork, be dropped simultaneously 
from the same height, they will reach the ground at the same 
time. Certainly, the mutual attraction between the lead ball 
and the earth is 50 times greater than between the cork ball 
and the earth, but in the former case there is 50 times as much 
matter to set in motion, so that the quantity of motion^ or 
momentum, generated in each case is the same. Newton 
suspended a number of pendulums of the same length, and 
found that they all vibrated in equal times, whatever were 
the materials of which the bobs were formed. This again 
proves that the attraction of the earth on any body is 
proportional to the mass of the body. In a vacuum all bodies, 
great and small, light and heavy, fall with equal rapidity, and were 
there no air surrounding our earth, and, therefore, no resistance 
to the motion of bodies, a feather would fall to the ground ju.'it as 
rapidl_y as a ton of lead^ A handful of sand let fall would retain 
its shape as if it were compact stone, and a bucket of water would 
fall as a solid body, without separation into fine particles. An 
experimental illustration of the equality of the velocities given to 
two bodies by the force of gravity, is obtained by putting a bullet 
and a feather in a long glass tube, from which the air has been 
pumped, and letting' them fall simultaneously. They both reacli 
the bottom at the same instant. In like manner, a postage 
stamp placed flat upon a penny is protected from the resistance 
of the air, and will fall with the penny to the ground. 

Third Law of Motion.— Aciion and Reaction are equal 
and opposite, that is to say, the actions of two bodies 
upon each other are always equal and in opposite 
directions. — The following are illustrations of this law: — (r) 
When a book rests on a table it exerts a downward pressure 011 
the table in consequence of its weight, but the table exerts an 
equal upward pressure, and so prevents it from falling, (a) If 
anyone presses a stone with his finger, his finger is also pressed 
b_y the stone. (3) If a horse draws a stone fastened to a rope, 
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the hoise is drawn backwards, so to speak, equally towards the 
stone. If this were not so either the horse woiJd leave the 
stone or the sLone would brealc awaj' from the horse. {4) If one 
bod/ impinges on another and changes the momentum of the 
other body, its own raomentum experiences an equal change in 
the opposite direction. This case is that of the recoil of a gun 
when a projectile leaves it, the momentum of the gun being 
always equai to tlie momentum of the shot. We have, therefore, 
mass of gun X recoil = mass of shot X velocity. Hence, if a 
gun weighing 20 lbs. discharge a shot weighing ^ lb., with an 
initial velocity of 2^240 feet per second, the initial velocity of 
recoil of the gun is 28 feet per second in a direction opposite to 
that of the bullet. 

The fact that amaf;net attracts a piece of iron is a matter of com- 
mon knowledge, and Newton's third law of motion tells us that the 
iron attracts the mafrnet with exactly the same force. This can 

be easily proved by balan- 
MAQNET cing a rod of iron and 
.BAfiPFiRON J, magnet together on a 
watch glass. (Fig. 4,) If 
the magnet altractetl the 
iron with a greater force 
than the iron attracted the 



Fig. 4- Illustrnlionaf the law tluLt action 
and re-actioa ace equal and opposite. 



magnet, or via vtrsA, the two bars would rotate until their motion 
was stopped, but as no such action occurs the two forces must be 
equal and opfioslte. 

Stress is the word used to denote the whole phe- 
nomena of the action, or the mutual action between 
two portions of matter.— The examples given above ate 
suQicient lo show that whether a pushing force or a |*ulliny force 
be considered, both the portions of matter are affected — [liat 
there is no action without reaction, The word Stress expresses 
the same as both these words, inasmuch as it considers the 
whole phenomena of the action. The third law of molion 
therefore shows us that all force is of the nature -of stress. It 
should be evident from the illu&lrations given under this law, 
that the rniitual action, or stress, between two putlioiis of matter 
can always he regarded from two points of view. Each body 
produces or lends to pioduce motion in the other, hence each 
may be regarded as a force acting on die other, and acdun and 
reaction are different aspects of the same stress, the words 
themselves being mlerchangeatkk. 
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Tension and attraction are the words used to express 
a stress which tends to bring two portions of matter 
nearer together. Pressure and repulsion signify a stress 
in which the tendency is to separate two portions of 
matter, — A piece of stretched india-rubber connecting two 
bodies is an esample of attractional stress. Tiie two bodies tend 
to approach each other, whilst the two forces keeping them apart 
act in opposite directions. Let a weight be suspended by a 
thread or wire. If the weig;hE is turned a stress of torsion 
is set up, the value of which increases with the angle 
through which the wire is twisted. But it is not essential that 
bodies should be visibly connected in order that a stress may 
he set up. for if a weight be held in the hand there is a stress of 
attraction between it and the earth. The force of gravity tends to 
make the weight fall, but the opposed action of the hand prevents 
it from doing so. There is a similar stress between Che earth and 
the sun or moon, and between aU portions of matter in the universe, 
whatever their size and whatever their relative distances may be. 
Tlus is the g;tavitational stress, one of the results of which is the 
property of matter we call weight. A similar stress is that of 
cohesion, in virtue of which the particles of a lump of iron, stone, 
wood, &c., keep together. If this stress did not exist, everything 
would be reduced to fine powder. Later on in this book we shall 
consider the chemical stress, in virtue of which the atoms of a 
body have an attraction stress, called chemical affinity, for each 
other. But, besides these mutual actions between bodies and 
their component parts, wliich we may call permanent properties of 
itiattet, there ace others that may be termed temporary. One of 
these is that, whereby a piece of icon when magnetised acquires 
the property of attracting iron. This is the magnetic stress 
to which we have pieviously referred. In the same manner 
a few substances sucn as sealing was, aiubtr, glass, are 
given properties of electrical attraction and repulsion, by rubbing 
ihcm with l!annel or silk, or a wire may be electrified so that it 
will attract iron filings. This is the electrical stress, but it dis- 
appears when the electrified body loses its electricity. These 
different states will be explained in future lessons. They are noted 
here in order that the student might recognise the important fact 
that al! the so-called properties of matter are the result of stresses. 

Work is the process by which stress produces change 
of motion, ^We have shown that a stress exists between a stone 
supported la the Aand and the ground, or between a piece of iron 
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and a magnet. If the stone be let Tall the force of gravity does 
work upon it, or if the magnet draws the iron towardiil the magnetic 
force does work, for m both cuses changes of motion are produced 
by tlie respeclLive stresses hetween the two portions of matter. 
The definition may be expressed in another way, viz., a force is 
said to do work when the body on which it acts moves in the 
direction of the force. The portion of matter moved is said to 
have TOfri done upon It. A man who holds a mass of matter in 
his hand does no worli so long as he supports it la one position. 
It is probable, however, that the hand does not remain in one 
position, but is pulled slightly down by the force of gravity, and 
^^then lifted up by muscular exertion. The amount of work done 
^■by a force is measured by the product obtained by multiplying 
^■the force by the distance through which the body moves in the 
B direction of action. If a body is moved against the a.ction of a 
W force, the work done is measured in the same way. Thus, when 
a body is raised from the ground, work is done against the force 
of gravity. The unit of work generally used in England is the 
foot-pound, or the work required to raise a mass of i pound through 
I foot. If, therefore, a basket weighing 30 Sbs. be raised through 

120 feet, the number of units of work done against gravity is 30 
X 20 or '600 foot-pounds. 
Energy is the capacity of doing work.— The literal 
meaning of the word energy is the work that is in a thing. There 
are two kinds or forms of energy, viz., the energy which a body 
possesses in virtue of its motion, called Kinetic Energy, and 
that called Potential Energy, or, as it is sometimes termed 
energy of fasHion. Clerk Maxwell remarks that the potential 
energy of a body is the power which H has of doing work depend- 
ing on other circumstances than its motion. In other words, 
potential energy is that energy which is not kinetic. An example 
of kinetic energy is afforded by a moving cannon ball, a running 
stream, or a rotating fly-wheel. The raised weight or wound-up 
Spring of a clock, or a waterfall, are examples of potential or stored 
Energy ; for the weight of Spring have the power of doing work by 
turning the clock hands, and the energj' of the waterfall msy be 
ustd in many ways. The height to which the weight of a clock is 
i'aised, or the height of a waterfall, gives us the amount of energy 
■^"liich they possess. In like manner, the work done by a man in 
"Winding his watch is a measure of the potential energy possessed 
the spring. Kinetic energy, qt ^V^^I 
1^ v/ntie of its motion, is e^ual to^BiXi'tVe^iQ^iNi.t^Q'v'^^^'t^^^ 
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of the body into its velocity. Thus, the kinetic energy possessed 
by a cannon ball weighing 200 lbs,, and moving with a velocity of 

800 feet per second, is , that 15 64,o&g,poo foot 

lbs, A magnet and a piece of iron, so long as they are separate, 
afford an instance of potential energy, for as they approach each 
other they may be made to bend a spring or do some other kind 
of work. 

The principle of the Consenration of Energy asserts 
that the total quantity of energy in the universe is canstanC; that 
it may be transformed into any of the forms of which energy is 
s.usceptible, but cannot be increased or diminished. 

A atone thrown up into the air affords an example of the trans- 
formation of energy from one form to another. When the stone 
leaves the hand it possesses kinetic energy, and as this is decreased 
it acquires potential energy, The motion of a clock pendulum 
is, perhaps, a better example. When the pendulum is started it 
has a certain amount of potential etiergy ; but as it jeaches the 
middle of its swing this diminishes and kinetic energy takes its 
place. In virtue fif the kinetic energy, or energy of motion, the 
bob of the pendulum swings past the middle point, and is raised 
a little against the force of gravity. The kinetic energy is thus 
again ttansformed into potential energy. If all the originai 
potential energy were transformed into kinetic energy the pendulum 
would continue to swing through equal distances to and fro for 
ever. Bat we know that a pendulum will not swing perpetually, 
and the reason is that a certain amount of energy is required to 
overcome the friction of the bearings, and that of the surrounding 
air. If we could isolate the pendulum and the air surrounding 
it, we should find that as it slackened down the bearings and the 
air would get very shghtly warmer. We may imagine this heat 
being utilised to drive a small fan, and thus come to tiie important 
fact that heat is only a form of kinetic energy. When a drum is 
struck, part of the energy of the blow is transformed into heat, 
and part goes to produce the waves of sound. An electric 
current can be made to do work by driving a tramcar. in which 
case most of its energy is transformed into heat. It may also be 
used fot illuminating purposes j hence, light is a form of energy. 
In fact, heat, sound, light, and current electricity are all forms of 
kinetic energy. 

Energy and H eat. — Unburnt fuel possesses stored or potential 
energy in virtue of its power to combine with the oxygen in the 
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air and produce heat which may be transformed into mechanical 
worlc. SimilatI)', the gunpowder in a cannon possesses potential 
energy, and when it is e-xploded it imiiarts kinetic energy to the 
cannon ball. As the ball passes through the air its velocity is 
reduced because the kinetic energy is being expended in over- 
coming the resistance of the air, and thus producing heat energy. 
Similarly, when the target is struck it is made hot where the shot 
strikes it, because the remaining' kinetic energy is converted into 
that form of energy which we call heat. But it does not matter 
wh-ether the ball is stopped suddenly by an iron target, or slowly 
by impact against sand or water or any other substance, Iti 
all cases the energy of the visible motion is converted into heat, 

A button rubbed against a piece of wood or on a coat sleeve 
becomes very hot, the reason again being the conversion of kinetic 
energy into heat energy. In a like manner the energy of a moving 
hammer heats a coin or any piece of metal upon which it falls. 
Researches made by the late Dr. Joule and others show that a 
definite relation exists between that energy which we call kinetic 
and that which we call heat. If some water held in a vessel be 
dropped from a definite height, and if the velocity which it 
attains be suddenly arrested, thfl kinetic energy is transformed 
into heat energy, and the temperature of the water is raised by 
an amount which is always the same under the same conditions. 
The kinetic energy which, when transformed into heat energy, 
raises the temperature of a g^ven quantity of water, is therefore 
called the mechanical equivalent of the heat developed. 

Sufficient has now been said lo prove the principle of the con- 
servation of energy. Like matter, energy can neither be created 
nor destroyed, but only changed from one form to another. 



QUESTIONS ON CHAPTE-R I. 

1. Dfsciibe (he general propcrliescf matter. Give proofs of tlie porciaty 
cf a solid of which ihe pores ar* inviiiblc, and of 3 liquid and a. jjis. 

2. What ate Ihe Knplish aad MEtric units of length and area f How many 
ceiilitncIrM are there in 30 meltes and how many inelrcs in 1 1 yards? 

3. Dpiiflc Moiion, Velocity, and AcceJiraiion. What llie average velotily 
of a Iiody nhich moves aver 16 feet in Ihc Hrsl second, in the oexl, aud C4 
in llie third sceund ? 

4. A 5.1n.ie is ihrown up inLo the .lir with a velocitv of 96fee( per second. 
How Iciiig before it will come to ceal ( (Acccleia.li'ia due to giavily ~ 32 le-e^t 
per «coDd per aecondi) 
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5. DcRdc Force and Inertia, and give aome ejiamplea of Nentoa'a first law 
of mo tin D. 

6. Defiac Mass and Momentum. Masses o-f 5, 12, 30 lbs. are moving with 
velocities of aj, lo^ and 4 feet pet second respect Ively. What ia the momen- 
iBin of each i 

7. What ia llie second low of molion? Give exBmples in illustintloti of 
its truth, 

S, Equal forces act on two bodies far the same time and produce in Chem 
velocities of 300 and 200 feet per second respectively. What aie the 
comparative masses of the taiies ? 

9. State the Law of Gravitation. "Why daes a lb. aiispended by a spring 
Tialance appear to increase in weight when carried from the equator to the 
poles? Wuuld any difference be obEcrved if on or-dinary balance were 
employed t 

10. What is tbe third law of motion? Give some illusttationi -of it aad 
show its relation to stress. 

11. N.ame as raxny slrcEsesas yao can, and give an example of each- 

12. DeEine work. How much ivork is done against gravity by a man "weighing 
140 lbs. climbing a. hill 1,000 feet high ? How mucL work is done by the 
same man in walking lo miles along a level road? 

13. What ia meajiE by the conaervacionof energy ? lUostrafe yonr answer by 
some examples. 

14. How daes the motion of a pendulum lIlustrBte the transformation of 
energy ? 

15. Give some examples of the conversion of IdneCic and potential energy 
iato heat, and pf hent into Idtielic energy. 

16. A shell weighing 32 lbs., and hiving a. velocity of 500, burst into two 
fragments, weighitig' 12 lbs. and 20 lbs. respectively. The velocity of the 
formes was 70a What was the velocity of the latter? 

17. In the case of a shot fired at a target stale (a) why the velocity of the 
shot changea; and (d'j why the target is made hot where the shotstrikeE it. 
(■890.) 

iS. DeGne stress, impulse, momentum. (18S9.) 

ig. Deline energy and stress. (18S8.) 

20. Define force, energy, moni«ntum, BlresB. (1S93.} 



PHYSICAL PROPERTIES OF MATTER. 

Matter can be considered as existing: in three different states or 
forms, as solidsj liquids, and gases. We are acquainted with 
many substances which are capable of appearing in each of the 
three states. Thus, ice is a solid which is converted into a 
liquid (water) by clie action of heat, and then into a gas or vapQur 
(steam). But the conversion of a solid into a liquid and a gas 
does not affect its weight, for a pound of ice would inake a pound 
of water or s. pound of 5te?im, It is atso possible to condense 
the steam ba<-k into water and ice, and so to prove that no altera- 
tion in chemical constitution takes place. We shall now investi- 
gate some of the physical properties peculiar to the different states 
of matter, and the causes producing them. 

Cohesion is a property of matter which results from 
a stress of attraction between the various molecules 
of the same substance. — We have remarked that the 
gravitational stress exists between all particles in the universe, 
whatever the distance between them, and whatever their 
constitution. The Cohesion stress may be considered aS acting 
mainly when particles of the same substance are very near 
together; for example, between the particles of a lump of iron 
and a glass of water. If this stress ceased to act, ever)'thing 
"would fall into extremely fine powder. It is stronger in some 
solids thaii in others, is considerably diminished when a solid 
is melted into a liquid, and practically ceases to act when the 
liquid is boiled away into vapour. The cohesion stress, therefore, 
tends to preient the separation of the particles of a body, but 
its strength may be neutralised by the action of heal. 

We will now give the general properties possessed by solids, 
liquids, and gases respectively, in consequence of cohesion stresses 
belwe-tn the molecules. 

Strain is the temporary alteration wlnich is produced 
in the shape of a solid body by the action of a stress. 

— If a wire or a pluce of india-rubber cord be stretched by a 
weight, the amount of stress called into acUdTv-a x«j\ie.'5KcM^^'~i 
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the weight, whilst the stretch of the wire is a measure of the 
stiain. When a bea.ni k tent the particles on the under side are 
compressed and those on the upper side are extended. Here 
also the amount of compression or extension is a measure of 
the strajn. Again, the angle through which a wire is twisted is 
a measure of a strain produced by a torsional stress. In fact, any 
distortion produced hy a stress 15 railed a strain. 

Elasticity is the propel^ of exerting stress when 
strained."If a piece of wire be stretched, the molecules of 
■which it is composed tend to recover their original position, and 
this internal force or stress is called elasticity. When the 
internal force is great, a body is said to be very elastic, but 
if there is only a slight tendency to recover the origina! form, a 
body is inelastic. A perfectly elastic substance is one tiiat 
returns to its original shape when the distorting force is rennoved, 
but as a mailer of fact, no solid fully satisfies this condition. Steel, 
quartz, and glass are very elastic substances; putty, mahogany 
and thread are comparatively inelastic. Liquids and gases are 
perfectly elastic. 

When a rod is stretched lengthways by a force, the elongation 
produced is proportional to the force, tli;it is to say, twice the fotcfi 
would produce twice the effect and so on. If, however, the stress 
produced by the stretching weight is increased beyond a certain 
limit, the strain or distortion of the body is no longer proportional 
to the Stress, and when the stress is removed the body remains 
permanently disitorted and does not return to its original shape 
and volume. Under these circumstances, we say that the limii 
cf perfect ehistkitv ha.s been passed. 

The Tenacity of a substance is the greatest longi- 
tudinal stress -which it can bear without breaking 
asunder. — Tiie weight which just breaks a rod or wire of any 
substance is a measure of its tenacity. Within certain limits this 
break-irtg weight is proportional lo the cross section of the rod 
or wire under experiment, hence in order to compare the tenacities 
of different substances, they should each have the same sectional 
area. Steel is very tenacious. Thus, a steel rod or wire which 
would carry lao lbs. need only be of the same thickness as a 
rod of copper which would only carry 20 lbs., whilst wires of 
glass and lead of the same siae could only bear weights of 3 lbs, 
and I lb. 

DuctUlty denotes that property of bodies in virtue 
of which they permanently change V.Vve.\r lotrtv uuitt 
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the action of stretching force.— Gold, platinum, and silver, 
are ductile substances, tliaE is, are capable of being stretclied 
out into fine threads. Quartz and glass are also very ductile 
when melttd. 

Malleability denotes that property of bodies in virtue 
of which they may be hammered into thin sheets, — The 
most mallmble metal is gold, Tor this metal can be bcatiai out into 
sheets only swiso-b-b O'f 3" '"''^b thick. Silver, lead, copper, 
platinum, and iron, may also be reduced to fine sheets, but none 
of these substances are nearly so maUcnble as gold. Eriltlenidss 
is the opposite property to malleability, and denotes the liability 
to be fractured by a sudden blow. Ordinary glass is very brittle, 
SO are cast iron, steel and sealing wax. 

Hardness is that property of bodies in virtue of 
which they resist being scratched by others.— Toughness 
and rigidity are not necessarily accompanied by hardness, thus, 
wood is tougfh and rigid without being hard. The hardness of a 
substance is determined by finding out what substances it will 
scratch, and what substances will scratch it. Diamond will scratch 
every substance and ::annot be scratched by any, bijuci? it is 
ibe hardest known substance. The following table contains 
bodies so arranged that they may be scratched by the substances 
before them on the list, and can scratch aiiylhini; arranged after 
them. 

I, Diaraohd. g. Steel. 

3. Corundam (sapphire, ruby). 6, Iron, 

3, Quartz. 7, Copper, 

4, Glass, S, Lead, 

Viscosity denotes an imperfect state of fluidity. — 

Some substances pass very slowly from the solid to the liquid 
state. Thus, when glass and sealing was are heated they become 
gradually softer, and finally reach an imperfect condition of 
fluidity. A body in such a state is said Co be viscou?. Treacle, 
honey, and tar are viscous substances, but must be classified as 
fluids, because they obey the law of, in time, setting themselves 
with horizontal surfaces. Mobility is an opposite property to 
viscosity, and a body possessing it more nearly fulfils the conditions 
of a perfect fluid. Alcohol and ether are more mobile than water, 
and water is more mobile than Ireacle. The force of cohesion 
between the molecules of a solid is greater than between the 
molocules of a viscous liquid, and is ^eate^ a,\Ss*a»i5.\s!Si?: 
than in a mobile one. 
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The Density of a body is the mass of a unit volume. — 

If we compared a cubic foot of iron with a cubic foot of wood 
or water we should find that the iron had the greatest mass, and 
ishould Epeak of it as being the densest body of the three. 
Similarly inercury Is denser than iron, and water is denser than air. 
The mass of a cubic foot of water is about i,ooo ounces, or 
lbs., this, therefore, is the density of water. The density of 
mercury is 812, gf iron 433, and of oak 73, When, a gas is cgm- 
^ pressed, the molecules of which it is composed are packed more 
fcclosely together, tliat is, the density of tlie gas is increased, It 
■the pressure on the gas be doubled, the density is doubled, in fact 
■the density in this case is always proportional to the pressure. 
The Specific Gravity of any body is the vreight of any 

I volume of that body divided by the weight of an equal 
volume of water. — Six cubic feet of iron weigh 2,592 lbs., six 
cubic feet of water weigh 3J5 lbs., hence the specific gravity 
of iron is equal to YVV ^'9' Similarly platinum is 22 times 
as heavy as an equal volume of water, whilst cork and alcohol 
are respectively about | and J as light as water. 
The specific gravity of a solid may be determined through the 
hydrostatic principle that when a body is immersed in a liquid, 
it is borne op with a ptessoire equal to the weight of the liquid 
displaced (Fig. s). Thus, if a lump of lead weighing 6 lbs, in 
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air be immersed in water, it will appear DJily to weigh about 5 J lbs. 

because it is pressed up by the water witit a force equal to the 

weight of ^ lb. The weight of a lump of wiiCer oi the same size as 

the lump of lead is therefore ^ lb. and since 

•c weight of substance 

specific gravity = — — r— 2 ; ■ 

weight of an equal volume of water 

we have specitic gravity of lead = a ^ = ra (nearly). 

Wax has nearly the same specific gravity bs water, and by 
means of a fevt tin tacks may be made to remain in any position 
because the upthrust is equal to the downward pull of gravity. 

The specilic gravity of a fluid may be 
determined by weighing a quantity of the fluid 
in a bottle, and then weighing an equal huJk 
of irater at the same temperature, (Fig, 6.) 
A glass flask weighing ^ lb, when empty, was 
found to weigh 2^ lbs. when filled with water, 
and 2\ lbs. when filled with olive oil. The 
weights of equal bulks of olive oil and water 
are therefore as {2^ — ^) is to (zj — ^) that 
is, as is to 2. The specilic gravity of olive 
oil is therefore 1^—2 ^ or Q'87. 

The following table contains the specific gravities of a few 
solids and liquids: — - 




FIff. 6. Specific 

gravily bottle. 



Platinum 


... zrs 


Mercury 


13-60 


Gold 


... i9'3 


Sulphuric Acid 




Lead 


114 


(Oil of Vitriol) ,., 


1-84 


Silver ... 




Chloroform 




Copper ... 


... a-9 


Human Blood 




Tin... ... 


- 73 


Sea- water 


1-03 


Diamond 


- 3'5 


Linseed Oil 


094 


Brick ... 




Olive Oil 


o-gl 


Clay 


... rg 


Oil of Turpentine... 


0-87 


Ice 


... a-g 


Alcohol 


079 


Cork ... 


□ '24 


Ether 


071 



Since the weight of a cubic foot of water is 6a'4 lbs. the weight 
of a cubic foot of any substance, that is, its density, is equal to 
62'4 multiplied by its specific gravity. Thus the weight of a 
cubic foot of silver is iq'6 x 62-^ = 56f44 lbs. whilst a cubic 
foot of ice only weighs 0*9 x 62-4 = 56' i& lbs. 

The weight of a gallon of water is m Ihs., V.^s.e:'».V.f8.^v^ ^5. 
a gallon of any liquid is e<^VLa.\ 10 TOxiV-w^v^t^i- 
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gravity. A g^aUon of oil of vitriol therefore weighs lo x r'84 or 
i8-4 ll>s,i and a gaUon of sea water vveiy:h5 lo'^ \hs, 

A Solid is a body that can bear longitudinal stress 
without lateral support. A Fluid cannot do so.— This 

definition is equivalent to tlie statement that a solid may he 
compressed or stretched without heing supported at its sides; 
that, ill fact, it possesses rigidity. A solid bar can exist, but not 
a fluid one. The cohesion stress between the particles of a solid 
is very great, and on account of its existence a solid cannot be 
easily broken, and is invariable in form. 

Fluids are divided into two classes, called liquids and gases, 
neither of which possess rigidity. 

A Liquid is a fluid such that if it is introduced into 
a vessel the volume of which is larger than its own, 
it will only fill a part of that vessel equal to its own 
volume. — A liquid is abo characterised by the fact that it sets itself 
with a horizontal surface when all parts of that surfactare under the 




same ]jressure. The cohesion stress is 
much less between the p.trticles of a 
liquid than between those of a solid. H 
also differs in different liquids, If a 
V'Shaped lube, containing nothing but 
water and its vapour, be adjusted as in 
Fig. 7, it will be found that the column 
of water can be supported in one arm of 
the tube because of the cohesion stress 



Fig. 7. njustrationoftlie between the particles of water. In order 
cohesbiisiressbctii'eeii to measure the force of cohesion, a flat 
tliepntticlesofaliquid. g]^ss or metal disc should be hung on 
one arm of a balance so as lo touch the surface of the liquid 
under experiment, after wetting the plate with it. {Fig. 8.) 
Weights are then slowly added to the other arm of the balance 
until the liquid particles are separated. If water and alcohol 
be the liquids used, it will be found that the weights necessary 
to tear the liquids apart will be in the proportion of about 
7 to 4. This is, therefore, the relative cohesion between 
the particles of water and alcohol. It is the force of cohesion 
which determines the siie of drops— the greater the force 
the larger the drop, other circumstances being the same. 
Thus, if, say, 20 drops of water and 20 drops of alcohol 
(dropped from Lhe bottoms of two globes of equal size, 
£Ae volume of the water will be found lo bfc aVTaoa'L vjivta 
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rhat of the alcohol because its cohesion is nearly twice as 




Fig. &. How the force of coIiaBioii is measnred. 

Dust some lycopodium powder over a slab of paraf&n wax, and 
let drops of mercury and -waWr Tall ujion it. Mercury has a 
greater coliesion than water, yet its drops will appear much 
Sa.tter. This is because a drop of mercury is about fourteen 
licdies heavier than a drop of water of the same size. If the force 
ofgravity suddenly ceased to exist, the two drops would become 
perfectly globular masses, having sizes proportional to the 
respective forces of cohesioti. 

But although the cohesion stress in liquids is sufficient to prevent 
them from disintegrating into the particles of which they are built 
up, it is not sufficient to give them that property called rigidity. 

Liquids may be slightly compressed when subjected to very 
great pressures ; they can also be stretched. In both these 
respects the behaviour is somewhat similar to that of solids, the 
difference being that liquids cannot bear such stress without 
lateral support. 

The Pressure on any layer of liquid contained in an 
open vessel is proportional to its depth below the 
Surface, — The weight of a cubic foot of water is 62^ lbs. If, 
therefore, we have a vessel of water and immerse a square foot of 
some substance in the water at a depth of one foot,^t.^■^^^'*^'s^R.>l 
it will be subjected to will be the we^^VV ol \.V\fc mi&sa. 



34 



ELEMEKTARV FHySIOGRAPTiy. 



ibove it, that is, Sa^ lbs. At a deptli of two feel the pressu. 
would be doubled, at three fee! trebled, and so on. Hence, ' 
we were dealing with pure water, the pressure on any body at 
depth of a mile, that Is 5,280 feet, is 5,a8o X 63^ or 330,000 lbs., 
which is equal lo nearly 150 ton.s, 

Capillary Elevation and Depression. — When a glas 
tube of small bore, cind open at both ends, is dipjied in a vess- 
containing water, or any other liquid that will wet it, it is foun 
that the level of the water inside the tube is above the kvel 
of that outside, and that its surface is concave. If the tube b 
dippad in m-ercurv, which does not wet it, it is found that th 
mercury inside will be below that outsidt; and that it terminat 
in a convex surface. (Fig. 9-) 




Fig; 9. Capilk^ elevation when tubes placed to liijnids which wet th 
and depression when ihe tubes are not wetted bj tlie liqutd. 

It can also be proved that in either case the elevation or d 
pression. is inversely proportional to the diameter of the tube, th 
is, if the diatneter of a tube be halved, the elevation or the depre 
sion will be doubled. Phenomena of this kind are instances 
capUliD-y adfon. If one comer of a lump of sugar be di]3p 
in water ihe numerous small pores act as capillary tub 
and the result is that the wafer ascends and moistens th 
whole lump. 

The ascent of oil in lamp wicks, of water throughout the tlssu 
ofCreesand phnts, and Ihe action oJ b\otl\n.g ■siB,^t,&^nees,et 
a/e other iUuslrstlions of capillarity. 
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'^a.s is a fluid such that if the smallest quantity of 
it be introduced into a vessel, the volume of which is 
larger than its own, it will distribute itself equally 
throughout all parts of the volume. — Gases hai^e neither 
definite 5ha[ie nor definite volume ; that is, they have no surface, 
and fill any vessel into which they are placed. A gas cannot 
therefore be preserved in a vessel whicli is not shut in on a.11 sides.' 
Thus, if a cup containing any gas were placed in a room or in some 
vessel containing fion&, the gas would expatid atid fill the whole 
space, The volume and shape of a gas therefore simply depends 
upon tlie pressure to which it is subjected, and the vessel wliich 
contains it. No cohesion exists between the molecules of a gas, 
on the other hand the moJeculcs appear to repel one another. 

The Kinetic Theory of Gases teaches that 

the molecules of a gas are continually moving 
about ill all directions, and that the hombardment 
of the molecules against the sides of the contain- 
ing vessel constitiiLes the pressure which the gas 
exerts. The pressure which a gas exerts there- 
fore depends upon (i) the nnass of its molecules, 
(a) their velocity, (3) the number of molecules. 
If one vessel contain twice as many molecules 
of gas as another of the same size, then, other 
conditions being the same, twice as many blows 
are struck on its sides, and its surface is uuder 
twice the amount of pressure. A similar in- 
aease of pressure can be produced by raising 
the temperature of a gas, in which case the rapid- 
ity with which the molecules move is incr-eased, 
and therefore the number of blows struck upon 
the side of the vessel containing it is also 
increased. This brings us to a law discovered 
by Robert Bo)'le, viz., that t^e volume of a 
given weight of am gas is inversely proportional 
to the pressure to which it is subjected, the tem- 
pcratttre remaining constant. This law is a 
consequence upon the fact that a perfect gas is 
p^ffectly elastic. If the pressure exerted upon 
a gas be doubled or trebled, the volume is 
reduced to one-half or one-)hird, if the pressure 
IE'IO' MeasunuicDi be decreased the volume of the gas is pro- 
^'..''□rb^tlZc^.:^ portionally increased. (Fig. lo.-i 

DTFaiare of a 

iBeyle'n HawJ, 
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A vapour ia a substance whichf under ofdinary conditions, 
exists as a solid or liquid. Tliua, water ordinarily exists as a liquid, 
but may be dissipated into the vapour ive call steam by the 
application of heat. The gas used for illuminating pur|30Ses, and 
the air surrounding us, are called gases because they can only be 
converted into the liquid or solid form under great pressure an 
cold. 

Sources of Heat. — The natural source of heat most 
imporLint to as is the sun ; the amount of heat we receive from it in 
a year being sufficient to melt a layer of ice 137 feet in thickness 
and covering the entire surface of the earth, Our artificial or 
terrestrial supplies of heat are almost wholly derived from chemical 
action, such as takes place when a fire is burning, But her 
again the ultimate source of heat is the sun, for its rays cause 
the growth of the plants which after lying for ages buried in 
the earth were transformed into coal. Another source of heat is 
mechanical friction, as when a bullet strikfs against a target, or 
where brakes are applied to the wheels of a train. Electricity 
is also an important means by which heat is produced. It 
was supposed at one time that a body became hot owing to th 
presence of a weightless, invisible fluid called calorie, and tha" 
as the body cool«d this fluid was squeeEed out of it. We now 
know, however, that heat is only a condition of matter — a form 
of energy, A greater intensity of h«at corresptinds to a greatef 
rapidity of movement of the molecules of a body. Part o 
the heat energy produces such effects as expansion or change 
of state, the remaining' part produces vibrations in an invisiblt;; 
weightless, elastic medium, which is supposed to pervade all space, 
and is called ether. 

Distinction between Heat and Temperature. — Mix 
some hot and cold water, Tlie mixture will not feel as hot 
as the hot water or as cold as the cold water employed, but inter- 
mediate between the two. This shows that when two bodies are 
placed in such situation that heat can pass from one to the other, 
the hotter always gives or tends to give up heat to the colder. If, 
when two bodies are placed in thermal communication, one of: 
them loses and the other gains heat, that body which gives out 
heat is said to have a higher temperature than that which receives 
heat from it. We may therefore say that the tiniperature of d 
ie/dy is its ilurmal state ivith reference ta its po7ver ti> eommuiiieati 
Ara/ /ff (}f/ier tadiis, or conversely, heat \s that which, when com 
municated to a bod_y, raises its tempeiatare. 




Temperature is a condition, and has a meaning precisely 
analogous to 'level' in liquids. Thus we speak of the water in 
a pond or a basin as being at a certain level, without any rererence 
to the amount of water contained in either. In a like manner 
the temperature, or intensity of heat, in a red hot lln-tack may be 
the same as that in a red hot poker, or a thimblefull of water may 
have the same temperature as water in a lake. In either case the 
temperature has nothing to do with the total quantity of heat 
possessed by each, 

The Specific Heat of a Substance is the quantity of 
heat required to raise one gramme or pound of that sub- 
stance i'' C. in comparison with the amount of heat 
necessary to raise the same weight of water from o" to 

I" C- — Different substances require a different amount of heat to 
raise them in temperature to the same exlent, hence different sub- 
stances at the same temperature contain different quantities of 

heat. An exact underatanding' 
of this may he obtained hy an 
analogy. Fdl a large jug and 
a small jug with water up to 
the same height. Although 
the height is I lie same in 
each, we know that the large 
jwg contains much more liquid 
than the small one, because it 
has a greater eapacliy. Now 
specific capacity for lieal, or 
specilic heat, has a precisely 
similar meaning to the capa- 
city of a vessel to hold a 
liquid, and temperature is 
analogous to the height pf 
the liquid. Water has about 
thirty times greater capacity 
for he.it than mercury, hence 
a poimd of water contains 
about thirty times the quantity 
qf heat that is possessed by 
the same weight of mercuty 
'at the same temperature. If, therefore, etjua! «-eighls of mercury 
and water be held in lest tubes in a beaker ^Fi^. iiV aj^A 
heated to the same tempeiatuie, a-nd fee Wa ^^Scffi^a.BJ:«lS.^3«. 





Fig. II. 

[ Anangement for raising two liquids lo 
ihe sume tsmptraiure. 
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then poured quickly iQto two other beakers containing equal 
weights of cold water, the increase of temperature of the water 
into which the mercury was poured wilt be fq>und to be about g'^- 
of the increase in the water to which the hot water in the test 
tube was added. 

Take several balls or cylinders, of equal weights but different 
materials, e.g., iron, copper, lead, bismuth, and heat them equally 
in an oil bath. Lay them simultaneously on a cake of beeswax 
about ^inch thick. Some of the balls will quickly melt the 
wax and fall through, while others will only sink slightly in it. 
It should be evident that the substance which first fell through 
possessed the greatest amount of heat, that is, had the highest 
specific heat. The order of falling through, and the relative 
depths to which the balls sink, therefore, expressed relative 
specific heats. 

Water has the highest specific heal of all substances, hence it 
takes a long time to get hot and a long time to cool. On account 
of this circumstance water has a most itnportant influence oo 
climate, and so on the welfare of the living creatures on the 
globe. 

The following are the specific heats of a few important 
substances : — 



Water i"ooo 

Magnesium o'a^ 5 

Chiircoal... o'24i 

Aluminium o'202 

Sulphur a'uoi 



Glass o'i98 

Iron OTI2 

Copper ,.. o'o-95 

Mercury 

Lead £>'c>3i 



Expansion of Solids by Heat.— Almost all bodies, except 
those that are decomposed by heat, are evpanded hy it. The 
expansion of a solid body may be illustrated by fixing & 




Fig. 12. Arcaii^cmciil fur pruviiig iliii aolkli expaoil when liealed. 

rod of iron or some other metal so that one end is firm and 
the 01 her touches a straw pivoted on a 11^ 
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the bar is heated by means of a spirit lamp it exijands and the 
slight push given to the short arm of the straw is con- 
siderably muUiplied at the opposite end. Consecutive rails on 
'Lway lines are laid a little distance apart so that they may have 
m to exiJand in the summer. Iron bridges are also not built 
right up to the masonry at the sides on aceount of the fact that 
they increase in length when hot. But different solids have 
I different expansibilities. Thus, if a brass and an iron wire, about 
feet long, be soldered side by side, and then heated by means 
^Bof a spirit lamp, they will be found to bend into a curs-e with 
^^the irot3 on the convex side. This shows that for the sa.rae 
increase of temperature iron expands more than brass. 
Similarly experiments may be repeated with other metals. Zinc 
has the greatest expansibility of ordinary metals, and platinum 
about the least. 

Expansion of Liquids by Heat.— We cannot obtain 
a rod of liquid and determine its expansibility, but have to 
use a flask to hold it. In dealing with the expansion of 
I liquids it must be remembered, therefore, that the vessel con- 
j taining the liquid expands when heated, hence the visible 

t expansion is the amount by which the expansion of the liquid 
exceeds that of the vessel containing it. If the expansibilities of 
the vessel and the liquid were equal, no increase would be observed. 
Fill three flasks withwater, alcohol, and oil of turpentine respectively, 
fend fit a cork having a glass tube open at both ends to each flask, 
so that the liquids stand at equal heights in the lubes. Put 
all the /lasks in a vessel of warm water; the level of the liquid 
in the tubes first falls slightly, owing to the expansion of the 
flask, and then rises and remains steady. The alcohol will 
be found to rise very much more than die turpentine, and the 
turpentine neady twice as much as the water. This s.hows 
that liquids, like solids, have unequal expansibilities. The most 
volatile liquids are often the most expansible. Thus alcohol 
expands about six itnies as much as mercury for the same 
increase of temperature. 

Expansion of Gases by Heat.— The expansion of 
gases is simply illustrated by holding a bladder or a paper hag 
half (iUeil with air near a fire. The expansion, of the air 
will in time distend the bladder or bag. When withdrawn from 
the source of heat the air contracts, and the bladder again 
collapses, The expansion of gaseg may aUo Ik 'Q-i 
iavertiDga iksk, with a weU-fiLted o3Ttatiix\i>ife\x\\\a-cv%)a«..^\««" 
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a vessel containing some coloured water. 
(Fig. 13O If the flask be warmed 
with the hand, the air expands and 
rises in bubbles to the surface of the 
water. When the hand is tnlten away 
the air contracts, and water rises la 
the stem at a certain level above that 
in the vessel. On bringing any source 
of heat near the flask the liquid des- 
cends, whilst a lump of ice makes 
it ascend. Such an instrument may, 
therefore, be used for estimating tem- 
peratures. 

Gases, unlike solids and liquids, 
expand equally for the same increase 
of temperature. Thus, if ordinary coal 
gas, or any other gas, were used in 
the above experiment, the snme amount 
would be driven in bubbles out of the 
tube when it was heated by the hand. 

Temperature cannot be accu- 
rately estimated by our sense of 
touch, — If one hand he plunged in 
hot water and the other in ice-cold water, 
and then both hands be held in luke- 
warm water, the hand that was held 
in hot water feels cold, and the hand 
that was held in cold water feels warm, 
of common knowledge that persons used to working in hot place" 
feel cold, when others, used to working in colder places, experi en c 
the sensation of warmth. Inhabitants of equatorial regions lin 
oiir average temperature cold, whilst people from the polar region 
find it warm. The sense -of touch Is, therefore, nor sufficlentl 
delicate to rely upon for the measurement of temperatnre. 

A Thermometer is an instrument used to measu 

temperature.— If it were possible to observe the variations i 
length of a bridge or railway 1 ine, we might use the bridge or inela 
to measure temperalure. When the length increased we shoul 
know definitefy ihiit liie temperature had also increased, and if 
d^L'rease Inknijili were noted we could slate tbat the temperalur 
/latJ decreased. A bar of m-elal. mi>^ht, IheteCore, be used as 
tfiermotiiclcr, but it iiaa the disadvaM^ije uo^.Wv.'^^vi^vcvsm.'C 




I-'ij;. >3- Artangeniert f " 
proving that gasiea ex. 
pand when heated. 

Il is also a matte 
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sensitive to slight variations in temperatijre, the amount of 
expansion of a steel bar 160 inches long between tlie temperatures 
of ice-cold watei and boiling water being only 4- of an inch. 
Liquids expand much more than solids for a given increase of 
tempeiature, and are, therefore, more suitable for thermometers. 

How to construct a. Mercurial Thermometer.— Procure 
a th<;rmometer bulb and tube, or blow a strong bulb, about 
f inch diameter, on the end of a piece of tubing having a fine 
bore. Heat the bulh gently overa flame and then immerse the open 
end in a cup of mercury ; tbe mercury will enter the tube and 
bulb as the air cools. Repeat the heating until the bulb is very 
nearly filled with mercury, then shake together any small bubbles 
of air that remain clinging to the glass. Carefully heat the 
mercury until it hoils ; all the air is thus expelled and the bulb 
and tube should only contain mercury and mercury vapour. On 
cooling, the vapour condenses and mercury entirely fills the bulb 
and tube. When this is the case soflen the glass by means of a 
blow-pipe flame and draw out the end of the tube to a narrow 
thread. Heat the bulb to a temperature slightly higher than that 
required to he registered. Then 
seal off quickly by the blow-pipe 
and take away the burner heat- 
ing the bulb. As the mercury 
cools it contracts, leaving a space 
filled with its vapour at the 
upper end of the tube, while the 
liquid occupies only the bulb and 
part of the stem at ordinary tem- 
peratures. The lengthening or 
shortening of the column of mer- 
cury in the glass tube give us a 
means of measuring temperature. 

How to Graduate a Ther- 
mometer. — Immerse the ther- 
mometer in some ice and water, 
contained in a funnel having a 
piece of indiarubher tubing fixed 

to its neck, A pinch cock may 

be arranged so that the tubing "^3aif?5?sStvrJ^^:;..:'i 
can be opened or closed at Fig. 14. 

will, in order to adjust the BtUra&T,wa(lt^^^.^^^'!.\^t«foatvS^ 
quantity of water, (t'ig. li,.') rf, 4.'CM»oQ'ro.»*sx. 
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The mercury in ttie stem of the thennometer will be found fo 
contract, anrt after a time remain steady at a certain point. 
Mark tliis fixed point by tying a piece of cotton round the stem 
and adjusting' it at the same height as the mercury. The tempera- 
ture thus registered is the ' freezing point ' of water, that is, the 
temperature at which water is transformed into ice, or vUa versa. 





Fig. 15. 

Determination of the Wling Fig. l5. Arrangement for accucatelj detenni- 
ptiict of a tliermometer. ning llie boiling point of a tliernicimeter. 

Another ' fixed point' that may be employed for the graduation 
of a mercurial thermometer, is the temperature at which water boils 
at sea level and under tlie ordinary atmospheric pressure. To 
determine the length of the column of mercury at this tempera- 
ture, bore two holes in the cork of ah 8 oz, flask and fit the ther- 
mometer in one, and a piece of glass tubing, bent at a right angle, in 
tAe other. Pour some water into the H^sk and boil it by means of a 
apirit iamp, (Fig. t^.) When steam Isas been cQta\u^ 
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for about lo minutes, and the mercurj appears steady, tie aiiolher 
piece of cotton round tfie lube on a level with the end of the 
column. This indicates the 'boiling point' of water. In ordei 
lo obtain this temperature very accurately it is necessary Co employ 
apparatus such as lhat illu^lTateil in Fig. i6. We have now two 
fixed points represented by two circles of cotton on the stem of 
the themiometer. The distance separating these two points 
evidently depends on. the amount of mercury which is expelled 
from the balb in passing to the hij;her temperature, and the 
internal diameier of the Stfenl. If two thermometers have bulbs 
of equal capacity, but steins of different bores, the increase of 
length of the column of mercury for a given increase of tempera- 
ture would be more in the nartow-bored stem than in the wide 
one. If, therefore, the bore be fine enough, a large rise of the 
coluran of mercury may be caused by a comparatively small 
elevation of temperature. The thermometer is then said to be 
a sensitive one, 

Therraometric Scales. — The interval between the boiling 
and freezing points of water indicated on the thermometer maybe 
divided into any number of parts or ' degrees,' and if the bore of 
the stem has the same diameter throughout, the degrees should be 
of the same length, for mercury has a uniform rate of expansion 
between the limits of temperature we have employed. In England 
we use the FiihrenheiC thermometer, in which the freezing point of 
water is indicated by 32 degrees, written 32", and the boiling 
point by zi3°, the interval being thus divided into iSo*^. In 
France, and for scientific work, the Centigrade thermometer is 
used, in which the freezing and boiling points of water are respec- 
tively indicated by o'' and 100". The Reaumur thennometer is 
used in Some parts of the Continent, and marks these points hy 
o" and So*. The relation between the Fahrenheit (F), Centi- 
grade (C), and Reaumur (R) scales is shown in Fig. 17, from 
which it appears 

that iSo" F = 100" C - So" R. 
hence 9'^ F = 5° C = 4*^ R. 

If, therefore, a thermometer could be graduated in each of the 
three ways, we should lind the Centigrade degrees nine-fifths as 
long as the Fahrenheit ones, and the Reaumur degrees five-fourths 
as long as the Centigrade ones. In order to convert readings 
of the Reaumur scale to the Cen.t\^\a.Ae. -wfc tis»,-^ 

mu/cjp(y them by 4, thus 4.0^ T*.. = t^i^cP X = V^" ^- 
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convert Centigrade readings into Reaumur, we must multiply by 

thus 55- C = (35" X I) R. - 23° fc. 

Fahrenheit readings may be converted into Centigrade or 
Reaumur by subtracting 32 and the-ii itiuitiplving' by § and jf 
respectively, thus 95" f = (95 — 32)8 C = 63 x S C = 35" C 
Similarly, 95" F will be found to equal aS" R, 



FAHRENHEIT, CENTIGRADE. REAUMUR. 
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Fig-, 17. Thcrrnoraeler RnIc* 

Centigrade or Reaumur readings may be converted into 
-fahrenlieit by multiplying by or J and adding 32 to the quotient, 
^Ihuseo" C. = {60 X I) + 3^ F. = (ro8 + 32) F. = 1^0'^ F. In 
like manner 50" R. = (6=> X ^) + 32 F. = {i3S + 3')I'- ^ 167'^F. 
The following equations sum up the above described relations, 
R. = J C. = 5 (F - 3.) 
C. = f R. = (F. _ 5.) 
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Mercury is generally used in the Construction of 
Thermometers for the following reasons: — 

(1) It remains liquid throu^Jiout a img range of tcinperaturu 
The freezing point of mercurj' I's — 40" C. (— 40" F."), the 

boiliofr pojiH is 350° C. (66 2" F.) ; hence the range is 390" C, or 
702"]'', Alcohol freezes at -qS°C. (— aog"!'.), and boils at 
78"C. (i74''F.); its range is, therefore, lye'C. or 383" F., that 
is, only about half as grent as mercury, 

(2) lis rate of expansion h practically constant bchveen — 36" C, 
and loO'" C. 

Many liquids expand more than mercury for the same increase 
of temperature. In general, however, the nmount which a liquid 
expands for one degree of temperature increases considerahly with 
the temperature. The degrees on a thcmiometer ought, therefore, 
to gradually increase in length from zero. It is much easier, 
however, to make the degrees of equal length, hence the almost 
equal rate of espanslon of niercUry between the above-named ' 
temperatures is very useful. 

(3I It has a low specif c keai. 

The specific heat of a substance is the amount oF heat 
required lo raise its temperature one degree with reference 
to the amount required to raise the same weight, of water 
through the same temperature. On account of the low specific 
heat of mercury, a much smaller amount of heat is required 
to raise its temijerature than is necessary to similarly raise the 
temperature of au equal amoumt of water or alcohol ; hence, 
when a mercury thermometer is used to test the tempwalure 
of a body it only uses up a very small quantity of the heat 
which the body possesses. 

f4) It is a good eondiiclor <tf /u-al. 

On account of this properly, mercury quickly acquires the tem- 
perature of the body with which it is in contact. 

(5) // does not wci the glass in it'hich it is contained. 

A water or aJcohol thermometer has to be held a short time 
after being cooled before the tempernlure can be read off, for 
those liquids wet the glass which contains them, and the amount 
of liquid left sticking to the sides of the lube as the column 
contracts, must have lime to trickle down and add to the reading 
obtained. In a mercur)' thermometer no liquid is left behind as 
the column conlracls when cooled. 
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(6) ft can easity be seen against the glass. 

Alcotiol is often used in tliermo meters, and especially for ttiose 
desi^'Hud to measure temperatures 
below llie freezing point of mercury. 
The boiling point of alcohol is 
jS" C, so that ic cannot be 
emplnyed at high tetJiperatures. 
An alcohol thermometer graduated 
according to the Fahrenheit and 
Centigrade scale is shown In 
Fig. i,S. 

A Maximum Thermometer 
indicates the highest tempe- 
rature to which it has been 
exposed since it was adjusted. 

— There are sevemi forms of maxi- 
mum thermometers, but one of the 
best is Negretti & Zambra's. Fig. 19. 
It consi&ts of an ordinary thermo- 
meter bulb and tube, having a small 
piece of solid glass enamel inserted 
in the bend of the tube above_the 
bulb. When the mercury is expanded by heat it squeezes past 
the piece of glass and causes the end of the column to advance 
along the scale. ^Vhen, howei'er, the mercury is cooled it 
contracts, and the column breaks at the ijoint where the 




Fig. 18. 
An Alcoliol Themiometet. 




Fig^. 19. Negrelli anil Zambra's Masimuni Therm ii meter. 



glass enamel is inserted. The end of the column then registers 
Che mii\imum temperature attained. In order to adjust the 
instrument for future observation it must be held bulb down- 
wards and swung with a gentie pendulum motion ; th(? mercury 
»-/// i/ien descend in the tube and meet Lhat contained in 



Fig. ao. Kegrclli and /,Bmb!Li'= Mlhiiiihih 1 iu'riiiu mister. 



■a 



tube having a bulb and 
part of the sttfm filled 
with spirits of wine in 
which floats a bUek in- 
dex, having somewhat 
the shape of a dumb- 
bell. If the thermo- 
meter be held bulb 
upwards Ehe index falls 
to the surface of the 
alcohol, but does not 
burst through it. When 
the instrument is hnng^ 
in its proper position a 
decrease of temperature 
causes the alcohol to 
contract, and the surface 
drags back tlie index 
with it ; on an increase 
of temperature the alco- 
hol expands, and the end 
of the coJumii advances 
along the scale. The 
index, liowever, is left 
behind, and the end 
of it furthest from 

Che bulb indicates the p. M.^\^^m n-d Mimm.m Th.nnom.te« 

lowest temperature and aWe'^a.niVi^'j '&,M^'\Wi«iB.«,<=-^"-a^ 




reached. 
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For accurate meteorological work the maximum and minimum 
lliermometerB are ktpt in a si)ecial)y constructed cage to shield 
ihem frani the sun. (Fig, 21.) 'The figure shows also an 
instrument used for the estimation of ihe moisture in the air. 

A Solar Radiation Thermometer is one used to deter- 
mine the intensity of the sun's heat in the position 
where it is placed. — This instrument consists of a maximum 
thermometer having its bulb and a part of the stem covered 
with lamp-black, and enclosed in a glass tube and glube Trom 
ivhich the air has been pumped. (Fig. 32.) The whole is 
generally supported about 4 feet from the ground, and exixised 




Fig. 2z. A Thcnnomelet for meaauring the inlensily of the sun's liottt 
(Negreiti and Zambia's), 

to the sun's rays. Lamp-black is a good absorber of heat, and 
all the Eun's raj's which fall upon the biackened buJb and stem 
o to raise the temperature of the thermometer. The vacuum 
prevents the loss of heat by air currents, to which an ordinary 
thermometer is subjected. If placed side by side with an, exposed 
bulb thermometer, i-he hJacfc bulb thermometer indicates 3 lem- 
erature about 30" F. or 30° F. higher. The difference between 
e readings of the two instruments is an indication of the 
tensity of heat received directly from the sun during 
bservalioo. 

Heat is transferred from one portion of matter to another 
three wavs, ivliich are called respectively condiiciion, coni-ec- 
'liti, and radintion. 

The conductivity of a substance for heat is measured 
jr the facility with which heat is transferred through it. 

We know that if a poker be left in tlie fire the handle gets very 
ot, whilst a piece of wood s]milarly placed may be touched 
mil it is almost entirely consumed. This is because of the dif- 
krent powers of conducting heat possessed by the particles of 
ch these bodies Ate composed. 'Lo show ttis fefteiens. wiu- 
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duclivities of iron and copper, take a wire of each of these sah- 
stances, about 6 inches long, and twist them together at one end* 
Fasten with beeswax one or two marbles on each wire at about 
4 inches from the joint. Now heat the Joint in fi flame. The 
marble on the copper will be seen to drop before llie equidistant 
one on the iron, thus indicating that copper is the better con- 
ductor. The following are the relative conductivities of a few 
metals : — 



Silver loo'o 

Copper 74'8 

Gold 53 'a 

Till 15-4 



Iron 

Platinum , 8-4 

Luad , 7*9 

Bismuth I'S 



Wood, corli, fealherH, down, fur, flannel, and similar substnnces 
have extremely low conductivities, and are therefore termed bad 
conductors. The negative properties of these fabrics render 
them useful for winter dresses and other purposes where it is 
required to prevent the transference oF heat. Our clothes, 
or the blankets in beds, do not make us wsrm, but prevent 
the escape of heat from our bodies to the air surrounding us. 
Similarly, ice may be kept in a blanket or in sawdust for a 
considerable time, because such substances are bad conductors, 
and therefore more or less prevent the passage of heat from the 
air to the ice. 

Liquids are far worse conductors than most solids. In illus- 
tration of this, place a piece of ice in a long test tube, and weight 
it down with a piece of lead. Nearly fill the test tube with water 
and hold it obhqueiy over the flame of a spirit lamp or Bunsen 
burner. It will be found possible to boil the water without 
melting the ice, thus showing that the water does not readily 
conduct heat, although it conducts better than any other hquid 
except mer-cury. 

The low conductivity of gases may be demonstrated by placing 
a little powdered lime in the palm of the hand, and resting the 
end of a red hot poker upon it. The air amongst the particles 
of lime will not conduct the heat of the poker to the hand, but if 
a solid piece of lime, about i inch thick, be substituted for the 
powdered lime, the heat of the poker will soon be felt. 

The low conductivity of fur, down, flannel, &c., is mainly due 
to the air which is enclosed in the material and thereby prevented 
from movement. If such substances be compressed into sheets 
50 that most of the air is expelled, they will he (auiid to \sa -wMiia. 
better coaductore. 



ELBMiaiTARy PHYSIOGRAPHY, 



Convection ts the carrying of Heat by particles of 
matter raised in temperature and set in motion. — 

Take a round bottomed llask fillud with waLer and drop a few 
fragments of solid blue litmus, aniline dye, or cochineal to it. 
Heat thu flask over a fiame. The coloured water will be observed 
to rise to the surface, when it will bend over in every direction, 
and form a number of descending currents. (Fig". 23.) These 

currents result from the fact 
that a portion of warm liquid 
is lighter than an equal 
volume of cold liquid, con- 
sequently when the particles 
of liquid at the bottom of 
^JS^ the flask are heated, they 

become specifically lighter 
and ascend, colder and there- 
fore heavier particles descen- 
ding to take their place. All 
the particles are thus in turn 
broujrht to the source of heat 
end kept in visible motion 
until the whole of the liquid 
is at the same temperature, 
which occurs on boiling. Of 
course the lamp need not be 
placed in the middle of the 
bottom of fhe flask in order 
to set up convection currents. 
'^i.t="3^.'^^^^i=^ h^/K*" Tfa test tube containing some 
Fi£, 23. Convection cuirenta In liquids. be held in the top of 

the liquid, precisely similar 
currents are set up, the ice cooling the particles near it, and 
thus increasing their specific gravity, the result being that they 
descend and less dense particles lake their place until thermal 
equilibrium is restored. Gases are raised in temperature in 
exactly the same way as liquids. 

When a fire burns it is healing the air near it, and the heated 
air ascends up the chimney because it is specifically lighter ; cold 
air then rushes in from all sides to take the place of the heated 
air — thus so long as the fire bums a circulation is kept up, 
trurre^u of air from iZie outside forcing themselves thrpugh the 
tfaJJs and crevices of the room to the scarce VieaX, ^tii fcetv 
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being sent up the chimney. If ihe chimney be stopped up or 
anything done to prevent this free circulation the lire goes out ; if 
anything be done to concenlratt: the current upon ihe burning 
coals— such as the com- 
mon practice of holding 
a newspaper across the 
fire-grate— the fire bums 
brigiiter. 

It would be expected 
from what we have said 
that under any circum- 
stunces, in a room or in 
the open air, the hotter 
flir will occur at a higher 
level than the colder, and 
that so long as this diffe- 
rence in density exists 
currents will be set up 
from the cold air to the 
hot. That stich is the 
case is capable of easy 
demonstration. Hold a 
candle first at the lop 
and then at the bottom 
of the open door of a 
warm room (Fig. 24); 
when at the top the 
flame will be blown out- 
wards, while at the bot- 
tom it will be blown 
inwards, and it can be 
shown that the current 
going outwards is warmer than the inward current. We thus 
see that by the action of heat a circulation of ait tnay be 
set up. 

Radiation is the process by which the energy of heat 
is transferred from one body to another through space. 

— In conduction, Che parLicliJs of a body are supposed lo pas& on 
iheir heat to those at 3 lower temperature in physical contact with 
[hem. In convection, the particles carry the heat they receive to 
different parts of the hquid or gas. In radiation, however^ heat 
may be trsnsmitted from one bod-y to a'c■.C)^^« ■«\teEiX!J. -aS-tciNwt. 




Fig. 24, Convc^jUun Curreiila ii) Gjises. 
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the temperature of the Intervening medium and independently 
of the existence of soch. It is by radiatioti tliat the earth 
receives heat from the sun. The heat vibrations set up by our 
luminary travel through space with the same velocity as those of 
ligiit — 186,000 miles per second. In fact, heat and light only 
dilTer from each other in the velocity of vibration. Thus when a 
rod of iron or a wire of plalinaai is heated, it first sends out rays 
of heat which alTect the touch but do not visibly affect the eye; 
on continued heating, however, we see a few red rays and say that 
the body is led-hot. It is then emittiiig both light and heat lays. 
As the temperature is still further increased, the body passes to a 
yellow tinge, and then radiates a white heat which may be used 
for illuminating purposes. We may therefore conveniently say 
that heat is radiated in dark rays, that is, wiih light absent, and 
luminous rays in which the light is a sort ofelevated heat^ the two 
phenomena obeying precisely the same laws. 

Water contained in a kettle covered with soot, gets hot much 
quicker than that contained in a bright kettle of the same si/-e 
subjected to the same source of heat. Experiments show that 
lamp-black Or soot is the best possible absorber of heat, and 
polished surfaces the worst. This therefore accounts for the 
different temperatures of the water in the two kettles. 

Again, if the same amount of hot water be poured in two 
vessels, one of which is covered with soot and the other poli.shed, 
the water in the blackened vessel will be found to cool twice as 
fast as that contained in the bright vessel. The cooling has 
mainly taken place by radiation, hence we can say that lamp-black 
IS a better radiator than polished metal. Bright tea-pots and 
coffee-pots and polished dish covers .ire therefore not merely 
bright for ornamental purposes, for as they lose their brightness 
they lose the quality of being bad radiators. Observations have 
brought out the important fact that good radinters arc good 
absnrbers, hence if we know the relative radiating powers of two 
bodies we also know their relative absorptive powers. 



QUESTIONS ON CHAPTER II. 

1. Define solids, liquids, and goscs. What inletnsl ulianges occur when 11 
lump nf ice is conveiled into water and Ihe ivater into steam. 

2, Deling cqH^ioii^ and describe experiments i]liJ:,lTatit>g the C&besl'^Jl atr^SB 

between Ilic mi'lccults of a liquid. 
J. What is the ' kiaelic rhcory of gases ?' Stale Boyle's taw, and doscribo 
how it imy be exptfimtnlMy provei 
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4. Define damty awl $p»edfic gravity. , How wonid jou find the specific 
gravity of a lump of lead, and of some brandy ? 

«. Define strain, and give illustrations of Its meaning. 

6. Define elasticity, tenacity, and docblity. Which is more elastic, glass 
orintfia-rnbber/ 

7. Define malleabtlity, hardness, and Yiscosity. What is meant by 'capillary 
elevation and depression ? ' 

8. What is the pressure on an area of three square feet immersed 100 feet 
below the surface of a lake ? 

9. Why is mercury used in thermometers? <l887.) 

10. What is a maximum and minimum thermometer, and for what purposes 
is it used? Describe any form of the instrument vich which yon aie ac- 
quainted. (1S86.} 

11. Describe the construction and use of a themmmeter, and explain the 
methods by which thermometers are graduated. (1880.) 

12. Describe the prindple of the construction of the mercurial thermometer. 
C1879.) 

13. Descnbe methods of proving that solids, liquids, and gases expand 
when their temperature is increased. 

. 14. What is ' specific heat ' ? 
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CHAPTER HI. 



CHEMICAL PROPERTIES OF MATTER. 

Chemistry is that branch of science which investi- 
gates the composition of different kinds of matter, and 
their mutual action to form bodies differing from them- 
selves. — The general properties of matter have been discussed 
in previous chapters. We have now It) deal with the question of 
the causes of the difference in properties, which disiingiiisbes 
such substances as sugar and sah, or water and oil, from each 
Other. Tht; first question that presents itself is: Are the itinu- 
merable substances which are found in our globe made up of 
one kind of matter, ot several ? In order to obtain information 
on this point, we must subject substances to the action of 
various forces. We should theh find that all forms of matter may 
be diviiJed into two great classes, compound bodies and simple 
or elementary ones. The resolution of a body into its constituent 
elements is termed analysis, whilst the putting together of elements 
to form a compound substance is known as synthesis. 

A compound substance is one which the chemist 
can split up into two or more essentially different 
materials. — fut a little red oxide of mercury (mtircnric o^tide) 
into a test lube, and heal it over a flame. In a short lime the 
substance darkens, and a mirror-like coating appears on the cooler 
sEde.s of the tube. Further, if a lighted match or taper be plunged 
into the tube it will burn with increased vigour, and if a glowing 
match be introduced it will he rekindled. This experiment, or 
analysis, proves to us that by heating a substance called red aside - 
of mercury, v^e obtain a metallic dqiosit, which on examination 
proves to be mercury, and a colourless gas called oxygen, which is 
capable of supporting combustion. If the mercury and the 
QXf gcn were very accurately weighed, ihe sum v>\ Ctvew -wfc\'g!\\5 
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would be found to be exactly equal to the weight of the red oxide 
of mercury which was decomposad. There has been no loss of 
matter, but only a change into dilTerent forms. 

Now whatever we do to the mercury or the oxygen, we can get 
nothing but mercury or osygen from them. It is jast possible 
that some day chemists may decompose them, but this cannot be 
done by any means now at our disposal, and so we call them 
simple or elementary substances, or el^mtnts. 

The Latin rame for mercury is HydrargyTum. In chemical 
ork it is found convenient to abbreviate the English or Latin 
names of elements. We therefore write Hg for mercury, and O 
for oxygen. Since th* red oxide of mercury consists of mercury 
and oxygen, can represent it by the formula HgO. Hence, 
instead of expressing the result of the above experiment in the 
words, Mercuric Oxide yields Mercury and 0>:)'gen, we could 
symbolise it thus :■ — 

HgO - Hg + O 
Sucli an expression is called a cliemlcal equation. The sign = 
signifies ' yields ' or ' produces ; ' and the -j" sign has its ordinary 
plus or additive meaning. 

In like manner, by the action of electricity, water may be 
decomposed into the two elementary gases, hydrogen and ox>-gen , 
in the proportion of two volumes of the former to one of tlie 
latter, This change is expressed by the equation :— 
Water Hydrogen Oxygen 

M,0 = H, + O. 

Mechanical Mixtures and Chemical Compounds.— 

If some flowers of sulphur and copper filings be well shaken 
together, the two substances appear to lose thgir characteristic 
colours and a mixture of a greenish tint is obtained. The only 
observable difference, when varying proportions of sulphur and 
copper are employed, is a change of lint. But hgwever intiipately 
the two substances may be mixed, it is possible, by the help of 
the microscope, to pick the particles of copper from the particles 
of sulphur; or the two may be separated by throwing the mixture 
into water, for the sulphur will then float on the surface and the 
copper will sink. In such a case as this, when elements can be 
mechanically separated one from the other, the bodies in question 
are said to be mechanically mixed. Now heat some of the 
mixture in a test tube. In a few moments a glow will spread 
througli itj the sulphur and copper 0^^!i^■J.tVe.■i^^'^\^■,\n-'as«a.- 
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ties, and a black substance, entirely different from either of them, 
remains in their stead. If this substance be examined with the 
most powerful microscope it will be found to present a uniform 
appearance in which the sulphur and copper particles cannot 
be distinguished as they could previous to the heating. The 
change thus observed is a. chemical one, and the result o{ chemical 
action. The sulphur and the copper combine chemically with each 
other and fqrnn a chemical compnund. By certain means this com- 
pound car be analysed, that is, the sulphur can be again separated 
from the copper, and it is found that, whatever the proportion of 
the two elements mixed together and heated, the compound 
foi med always contains So per cent, of copper and 20 per cent, of 
suJphur. (To be more accurate the proportion is yg'S to so-j.) 
If more than this proportion of either element is used it is left 
behind in the test tube. Similarly, gunpowder is a mixture of 
nitre, charcoal, and sulphur. But however intimately these 
ingredients may be mi.\ed, the nitre can be dissolved out 
of the mixture by water, the sulphur by carbon bisulphide, 
and the charcoal will be left. As soon as the gunpowder 
is ignited, however, a chemical change occurs, and various 
new substances, several of which are gases, are immediately 
Tornied. 

The differences between a mechanical mixture and a chemical 
compound may, therefore, be summed up as follows : — 



Mechanical Mixtures. 

The ingredients may be sepa- 
rated by mechanical means. 

Any proportion may be mixed 
together. • 

Th'.' properties are intermediate 
between those of ihe ingre- 
dients. 



Cliemical Camptmnds. 

The ingredients catinot be sepa- 
rated by mechanical means. 

A definite proportion of the in- 
gredients is always taken up. 

Thc! properties are essentially 
different from those of the 
ingredients. 



Elements, or Simple Substances, are those from 
which the Chemist can only obtain one ingredient.— 

Krom pure gold nothing essentially different from gold can be 
obtained, whatever form of energy it is subjected to. Similajly, 
mercury, or the gases oxygen or hydrogen, previously referred to, 
resist all efforts made to decompose them. These are examples 
0/ the hodies ue call eleinenls. In fact, ev^ry substance with 
tr/ucli we are acquainted is made up o( one ot moi^ ■aWi'^n. 
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75 elements, For the sake of convenience these elementary 
bodies are divided into two classes called metals and nan-metals 
or fiielallotds. The following is a, complete list of the non-metals 
and Che most important metals: — 



Kon-tnctallic Eitinenls. 



Name of 


Chemii:al 


Atomic 


Elsmepl. 


Syniliol. 


Weighl. 


Boron 


B, 


I0"9 


Bromine 


Br. 


79-76 


Carbon 


C. 


11-97 


Chlorine 


CI. 


35'37 


Fluorine 


F. 


i9"o6 


Hydrogen 


H. 


I 


Iodine 


I. 


126-54 


Nitrogen 


N. 


i4'oi 


OxygcLi 


0. 


15-96 


Phosp horns P. 


30-96 


Selenium 


Se. 


78-87 


Silicon 


Si. 


28-0 


Sulphur 


s. 


3i'9S 


Important AfetailU Elimmt 


Name uf 


Chemical 


Atuniic 


Element. 


Symljol. 


Weiglil. 


Aluminium Al. 


a7"04 


Atitimony 


Sb, 


I rg-G 


Arsenic 


As. 


74"9 



Important Mttalik Elements 



Name of 


Chemical 


Atomic 


Element, 


Symbpl, 


VVeignt, 


Barium 


Ba. 




Bismuth 


Bi. 


* i D 


Calcium 


Ca. 




Chromium 


Cr. 




Cobslt 


Co. 


58-6 


Copjier 


Cu. 


63T8 


Gold 


Au. 




Iron 


Fe, 


55-8« 


Lead 


Pb. 


206-39 


Magnesium Mg, 


23-94 


Manganese 


Mn, 


54-8 


Mercury 


Hg. 


199-8 


Nickel 


Ni. 


58-6 


Platinum 


Pt. 


I54'3 


Potassium 


K. 




Silver 


Kg. 


107 '66 


Sodium 


Na. 




Strontium 


Sr. 




Tin 


Sn. 


117-35 


Zinc 


Zn. 


64-88 



Compound bodies bear the same relation to elementary ones 
that the words of our language bear lo the letters which form 
them. The twenty-sis letters of our alphabet are used to 
construct words. Some letters occur very frequently, and others 
very rarely. In like manner the seventy-ilve chemical elements 
build up innumerable compounds, some elements entering into 
composition snore frequently than others, Water, being com- 
posed of two elements, oxyfjen and hydrogen, is analogous to a 
wopd.of two letteis ; salt is made up of sodium and a gaS chlorine, 
andftpresents a. word of two different letters. Ttiree elements, 
calcium, carbon, and oxygen, are found ia cixa-V*.^ -^Wsm ■^a. 
iherefois Jike a word of three Vt.Ue.i5. „ 
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An atom is a portion of matter which cannot be 
sub-divided into more elementary parts by any process 
at present known to science. — It is supposed that every 
element is made up of an infinite number of atoms, having the 
same size and weiglit in the same body. If it were possible to 
obtain atoms of the elements and weigh them separately, we 
should find that the atom of hydrogen weighed the least. Calling 
this weight i, the atom of oxygen would he found to weigh 16, 
the alo-m of phosphorus 31, and the atom of mercury aoo. The 
atomic ivughls, which are given in the tables of elements, repre- 
sent the weights of particular atoms, and are of the highest 
importance. And here we must mention that the abbreviated 
names, or chemical s}Tiibol3, not only stand for the names of 
elements but for definite weights. Thus, if H stands for i grana, 
or I pound, or i ton, or any other unit weight of hjdrogt:n, 
stands for 16 grams, pounds, or tons, etc, of oxygen, and 
Hg stands for 20a grains, pounds, or tons, etc., of mercury, and 
so on for any other element. If H„ or O.^, or Cj, be written, it 
signifies that two atoms of liydiogen or oxygen and four atoms of 
carbon have to be considered. 

A molecule is a group of atoms.— An atom cannot 
exist by itself, but in general is connected with one or more 
lilce or unlike atoms, the group thus formed being called a 
molecule. The minutest portion which it is possible to obtain 
of any substance is composed of a vast number of such groups 
of atoms or molecules, the members of each of which are so 
connected that Ihey move about together, whilst the movements 
of the groups themselves are independent of each other. All 
the atoms of snv particular element are alike, and the molecules 
of an element consist of groupings of like atoms. Thus, a 
molecule of hydrogen is made up of two atoms of the gas {Hj), 
and a molecule of arsenic contains four atoms to a molecule 
(As,). Chemical compounds are formed of innumerable 
groups of unlike atoms. Thus, a molecule of water is composed 
of two atoms of hydrogen united to one of oxygen (H5O), and 
every molecule of sugar contains twelve atoms of carbon, twenty-two 
atoms of hj'drogen, and eleven atoms of oxygen (Ci,HaOji), 
If such groups ate split up, and different arrangements of atoms 
created, the substance tio longer possesses its characteristic 
properties. We may therefore say that a molecule is the smallest 
part of a simple or comjjound substance which can exist in a free 
ffJate, 3nd possess the properties of that suVstance. 
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When chemical changes occur, the molecules of the substances 
■engagetJ act upon each other, and a re-arra.ngeinent of atomic 
positions is the result. 

Chemical affinity is the attraction stress which acts 
between the atoms of substances. — ^The atoms in a mole- 
cule are held together by a mutual attraclion or stress termed 
chemical ajfinity. This stress, unlike cohesion, is strongest 
between the atoms of dissimilar substances. It also differs from 
cohesion in acting between atoms instead of molecules. A 
grain of sand consists of an infinite number of molecules bound 
together by the c-ohesion stress, and each molecule is made up 
of two atoms of oxygen and one of silicon bound together by 
the stress called chemical affinity. In the same way that persons 
have an affinity for particular individuals, the atoms of elements 
have their respective likes and dislikes. If a small piece of 
the metal sodium, which has a great affinity for oxygen, be 
thrown into water, a gas is evolved which bums when a lighted 
taper is brought near it, and possesses al! the properties of hydro- 
gen, The oxygen in the molecules of water (H^O) has a 
greater affinity for sodium (Na) than Ibr hydrogen (H), so the 
hquid is decomposed, the oxygen atoms leaving; the hydrogen 
atoms to which they were joined, in order to unite with atoms of 
sodium and form a new compound. 

Similarly, when steam and chlorine gas are passed together 
through a red-hot tubcj the hydrogen atoms separate from those 
of OKygen and unite to atoms of chlorine, because the chemical 
stress between hydrogen and chlorine is greater than between 
hydrogen and oxygen. 

As another example of the breaking up of the molecules of a 
body, let some sulphuric acid (oil of vitriol) be dropped upon a 
lump of sugar (C|,HsdOi]). The acid has a great aiBnity for 
water, and exercises it upon the sugar with the result that a black 
mass consisting solely of carbon is left. 

Heat is perhaps the most common form of energy which the 
chemist employs to break up molecular groupings. The action 
of this agent has already been demonstrated by experiments on 
mercuric oxide, and a mixture of copper and sulphur. The forma' 
tion of lime from limestone is a further exempliiicatlon. When 
marble or limestone is strongly heated, as it is everyday in our 
limekilns, a gas called oitbon dioxide, or carbonic acid gas, is 
driven off and the familiar body, quicklime, lemaitia x'&'iwfc^tAM. 
If the hmestone and q^uicWime Yiete e;a.d(i'«e\^>i.i 
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found that the former yielded about 56 per cent, of the latter, 
whilst the remaining weight passed off into the air. Experiments 
show that the molecules of the gas evolved when limestone is 
burnt, consist of an atom of carbon (C) united to two atoms of 
oxygen (Ot). Each molet-iile of lime is made up of an atom of 
the metaJ calcium (Ca) united lo an atom of the gas oxygen (O). 

The change which resulted from heatitig limestone may there- 
fore be written thus ; — 

Limestone. Quicklime. Cafbcn dioxide 

CaCOj = CaO + CO, 

Thft action of electricity in breaking up a compound (water) 
has already bi^en referred to. It should also be mentiODtid that 
[he whole art of pholo^aiihy depends upon the action of light in 
decomposing certain compounds of silver. 

OXYGEN. 

Atomic Symbol, O. Atomic Weight) 16. 
Density (Air=i) = i'io5. 

In 1774 Dr. Priestley found Ehat when a beam of sunlight was 
concentrated upon some mercuric oxide (HgO), a gas was given 
off. This gas was oxygen, and its isolation was due to the 
breaking ap of the compound into its constituents— mercury and 
oxygen. It is now known lo be the most widely diffused element 
in nature. It exists uncombined as one-fifth of the volume of the 
air which surrounds us, whilst eight-ninths of the weight of water 
on our globe consists of oxygen in combination with hydrogen. 
The earth's crust contains about 46 per cent, of this element 
in corablnation with other substances, and it forms more than 
one-half of the substance of plants and animals. 

Preparation of Oxygen. — Oxygen is best obtained from a 
compound called Potassium Chlorate, which is composed of 
the elements potassium (K), chlorine (CI), and oxygen (O), 
and haajhe formula KCIO^. This body melts at about 370° C, 
and atibout 400° C, it begins to give olF osygen. 

Place a few crystals of potassium chlomte in a test-tube and 
heat ihem gently over a Bunseu llame. In a short time the 
crystals begin to fuse, iin<3 a gas is evolved which will re-ignite a 
glowing match, as is also the case when mercuric oxide is heated.- 
This substance is oxygen gas. The i)asly mass left in the test- 
can be proved to be mainly potassium chloride (KCJ). 
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The chemical change which takes place is therefore expressed 
by the equation 

Potassinpti Chlorate Potassiniti Chloride Oxygen 

zKClO^ = 2KCI + 3O, 
"By using some such substance as sand, manganese dioxide 
(MnO,), or red oxide of iron (FeO), mixed with the potassium 
chlorate, the gas comes oft" more copiously and at a much lower 
temperature. In order to prepare a large quantity of the gas, a 
more convenient arrangement than a test-tube is necessary, Fit 
a bored cork in a small glass flask. Betid a piece of glass tuhing 
in a flame, and pass one end througli the cork. Bend another 
bit of glass tubing and connect the two by means of a sliort piece 
of india-rubber tubing. Now mix some dry powdered potassium 
chiqrate with about one-third its weight of ruanganese dioxide, 
and introduce the mixture into the flask. Support the flask with 
the cork in its neck in the manner shown in Fig. 25. The pneu- 



Fig. 25. Arrangement for producing and collecting a quantity 
of Ojiygea 

k 

malic trough there indicated, facilitates the collecting of the gas. 
It consists of an ordinary circular iron or earthenware trough in 
which is placed a beehive shaped shelf (A) having an opening at 
the side through which to pass a delivery tube, and a hule at the 
top through which ihe gas bubble.^. A glass jar or bottle sK(ivi.\i 
now be filled with water and stood ovm v\\t fet "XseyfiNN't 

shelf with its moutfi under wa^T, M\ Xiew^ ^ 



6] 



ELEMENTAEV JHTSIOCRAPHY, 



I kinj 

IP 



gently heated ; the air is first expanded by the heat and escapes 
from the delivery tube. Soon afterwards the issuing g;is will 
re-kinclle a glowing match. Jt may then be collected hy letting 
it bubble up through the hole in the top of the beehive shelf^ 
When Tull the bottie may be removed from the shelf by slipping 
a glass plate over its mouth. Several bottles of pure oxygen gas 
can be thus obtained. 

Properties of OJiygen. — Pure oxygen has neither colour, 
smell, nor taste. It is heavier than air in the proportioriof ii to iq. 
It can be transformed into a sky blue liquid by a pre.ssure of 
2,800 lbs, to the square inch and a temperature of — 140" C. 
VVat^er dissolves about 3 per cent, of its volume of the gas at 15" C. 
This is a comparatively small proportion, nevertheless it is a 
property of oxygen of first importance to the animal and vegetable 
kingdom. Fishes die if placed in. water which contains no 
■gen. 

That substances burn in oxygen with considerable 
lergy, has already been experimentally proved. In 
fiirther illustration of this, pkce a piece of roll sulphur 
I in a defiagrattHg spoon {Fig. 26), set it on fire by 
I touching it with a red-hot wire, and phmge it into a 
bottle of oxygen. The sulphur immediately bursts 
, into a rich lilac flame, considerably brighter than that 
given by sulphur burning in ordinary air. An in- 
visible gas, called sulphur dioxide and having a 
pungent odour is formed by the combination of the 
, sulphur with oxygen. Its formula can be shown to 
I be SO,. We have therefore 

Sulphur, OxygCQ. Sulphur Dioxide. 

M s + o. ^ so. 

32 -1- 2 X 16 32 -|- 2 X i& 

■p 

This equation shows that if we add up the atomic 
weights of the elements which took prrt in the 
reaction, we obtain the same result on bolh sides, 
i Since no loss of matter accompanies any chemical action, this 
property of a chemical equation ahvays holds good. 

Place a piece of phosphorus about the size of a pea In the deflag- 
rating spoon, set it alSght and intioduce into a large boille Qro\jgen. 
A very brilliant white light is the result and the boule gets filled 
wJth dense wliite fumes whrch dissolve in the water nnd give it an 
.acid tnsle. In this case, livo atoms of fbosphotMs coTtfeW 



Fig. 7S, 
A dtfl.iBfaLinj 
Spoon. 



wttli five atoms of oxygen (O) to form a white mass ca.Ileil 
phosphorus osidd (PjOj). 

A similar experiment may be made with a piece of kindled 
wood-clia.rcoal, or a bit of charred cork, held in a bottle of oxygen. 
The chemical change which results, is : — 

Carton. OxyE^"- Carbon Dioxide. 

C + 0, = CO, 
This compound is a colourless gas which will extinguish a 
lighted taper plunged into it. Also if a little clear lime water be 
shaken up with the gas in the bottle it will become milky. We 
shall have occasion to refer to these reactions later on in this 
chapter. 

Iron burns with violence in oxygen. To prove this, lill a 
stoppered glass bottle, without a bottom, with oxygen in the 
usual manner. Then twist a piece of thin iron wire . into a spiral 
and tip one end with sulphur b/ heating it and immersing it in 
some flowers of sulphur. A slrip of watch spring' softened hy 
heating in a flame answers equally well. Fasten the other end of 
the wire or watch spring into a cork which tits the neck of the 
bottle. Now kindle the sulphur on. the spiral, quickly remove 
the stopper from the bottle, insert the spiral and press the cork 
into its place. The sulphur bursts into its characteristic lilac 
flame and kindles the iron, which burns with great splendour, 
while white hot drops fall as the iron burns away. These drops 
may be proved to contain iron and oxygen; three atoms of the 
former element combine with four atoms of the latter to form 
PejO,, that is, oxide of iron. In chemical shorthand — 
Iron. Oxygen. Oxide of Iron. 

Fe, + O. = Fep, 

Potassium, zinc, and numerous other substances burn in oxygeii 
with considerable energy, In fact, every elementary substance, 
except fluorine, combines with it with more or less activity. 

An Oxide is a compound formed by the combination of 

oxygen with another element, — The experiments described 
above are alt examples of the formation of oxides. They may be 
summed up thus, and will serve as examples of binary compounds, 
that ig, compounds formed by the union of two elements. 
Sulphur and oxygen form sulphur dioxide (SO,). 
Phosphorus and oxygen form phosphorus oxide (P.Oj), 
Carbon and oxygen form carbon dioxide. (,COCl- 
Iron and oxygen form blac\t \ton onivie. l^e^'^. 
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Many elements combine with different proportions of oxygen, 
and therefore more than one oxide Is fonned. The following are 
illustrations of this:— 

fC + = CO (carbonic oxide). 
(C -i- O, = CO, Ccarbon dioxide). 
J S + = SO, (sulphur dioxide). 
"laS -f ^Oj = 2SO5 (sulphur trioxide). 

Compounds of oxygen are divided into three classes, viz., 
[icid oxides, basic oxides, and rveutral oxides. Add oxides 
re those which when dissolved in water give it an acid taste, 
lost of the non-metallic elements combine with oxygen to 
arm acid o.xldes. The formation of acids by the combination 
)f the oxides of sulphur and phosphorus in waler has already 
leen indicated. All acids have a sour taste, and turn blue 
lifmus red. 

' Si7sic e.xidcs when combined with water produce liquids soapy 
to the touch and having a peculiar smell. Compounds of this 
character are teirned alkjilics. They are formed when potassium 
or sodium are allowed lo combine with the oxygen in water. 
jVe then have : — 

Wptcr Caustic Potash 

H,0 = 9KHO. 
Water Caustic Sotla 

H,0 = zNaHO. 

Neutral Oxides, such as water (H,0), and nitrous oxide, or 
ughing gas (N,0), possess neither a sour taste-, nor a soapy 
ouch, and do not change the colour of litmus. 

Salts are compounds formed by the action of acids and 
Ikalies upon one another.— Add a few drops of sulphuric 
cid (II.SOj) to one glass of water, and some caustic soda 
N.iHO)'or pcilash (KHO) lo another. The dilute acid will 
edden blue litmus or a solution of blue litmus dropped into it. 
t also possesses the sour taste characteristic of acids. The alknJi 
oluiion will turn red litmus blue, and has the soapy taste before 
oted. Now elowly add the alkdine liquor tinged bhie with 
ilmus to the add solution reddened with the same substance, 
le Colours of the two liquids will be found gradually to merge 
to a clear blue, while the acid solution loses its sour taslc. 
cids and alkalies, therefore, neutralize the effect of each other. 
evaporailng the clear blue solution, crystals ot aLsak, kiujwn 



K.,0 + 

Na-0 + 
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potassium sulphate, may be obtained. The change that lakes 
place is symtolised thus ; — 

Sulphuric Acid. Causfic Pola?h. Polassium Solpliale. ft'aEcr. 
, H-SO. + aKHO = K,SO,. + 2H,0. 

Allotropic forms of elements are those which differ 
from each other in physical and chemica.1 properties, 
but nevertheless consist of one single element.— 

When a stream of eler.lric spai ks is passed ihrough a Iiihe con' 
taining- oxygen, the gas contracts in volume, and acquires several 
emirely new properties. It possesses a sensible odqur; corrodes 
india-nahber,coTk,anid mans^other bodies ; bleaches many colouring 
matters such as indigo, and if brought into contact with mercury, 
silver, and many other metals, an oxide of the substance is formed. 
Since 110 foreign body enters into combination with Ihe oxygen 
during the electrical action, it can only be concluded that tlie 
atoms of oxygen which, under ordinary circumstances, go about 
in pairs to form a molecule (O.), are re-arranged so as to form 
molecules made up of three atoms of osygen (O^). This allo- 
tropic form of oxygen is called ozaiit. It is condensed to a deep 
indigo blue liquid by a pressure of 1,900 lbs. per squa.re inch and 
a feraperature of — 105° C, The contraction that takes place 
when ozone is formed is explained by supposing that three 
molecules of oxygen form two molecules of ozone, thus: — 

J Ox gen, Qwa'i. 

F 3O, = jO,. 

All molecules are of Ihe same size ; therefore^ if it were |)ossible 
to convert all the osygen employed into ozone, the volume of the 
latter gas would only be two-thirds of the former. 

Ozone is present in the aSr to a minute extent, and may be 
ecogniscd by exposing slips of p^iper moistened with a solution 
f jiolassium iodide and starch, when the paper will acquire a 
ore or less bluish lint, according to the duration of exposure 
nd the quantity of ozone in the air. The effect is most marked 
n the sea coast when the wind blows in from the sea. Tlie open 
air of the country generally also gives a marked colour to iodized 
paper, but in large towjis no such change occurs. 

\ HYDROGEN. 

\ Atomic symbol, H. Atomic weight, i. Weight of one 
\ litre, o'oSgS grams. Donsity (air = 1) = o'oliga. 

This gas is very rarely found uncombit\ed o^^ fee e^v'i^N- 
exhalations /rona volcanoes Borattimea cowVaXtv "vl, a.'^6.^s. ws-Vf^w. 
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small quantities in the breath. Considerable quantities of hydro- 
gen have been driven off from the meteorites which fall upon our 
earth, by heating them, and it appears to exist in almost all the 
heavenly bodies. The sun's atmosphere is in a large part com- 
posed of highly incandescent hydrogen, nearly all organic , 
compounds contain it, and it is always present in acids. 

Preparatioti of Hydrogen.— 

Hydrogen is convenieniiy prepared 
by the action of dilute sulphuric 
acid (HjSOJ upon zinc (Zn). To 
perform the experiment lit up a 
bottle like that illustrated by Fig. 37. 
Then introduce a few pieces of granu- 
lated zinc and pour some water upon 
it. Add about 25 or 30 drops of 
sulphuric acid to the water, A brisk 
effervescence occurs. After this ac- 
tion has continued a couple of minutes 
pass (he end of the delivery tube 
under a jar or the beehive shelf of 
the pneumatic trough, and collect the 
issuing gas. Care should be taken not 
to make the gas. too near to a lighted 
lamp or burner, or an explosion will 
occur. If the liquid that remains in 
the flask after the effervescence has 
ceased be evaporated, crystals of a 
salt, termed zinc sulphate, may be ob- 
tained. The chemical changes are, 
therefore, shown in the foUovfing 
equation : — 

Sulphuiic Acid and Zinc form Zinc Sulpltate a.ni Hydrogen. 
H.SO, + Zn = ZnSO, + H. 
98 + 6s = 161 + a 
163 T63 
The equation shows thai 63 grams or ounces or lbs., S:e., af 
zinc, when acted on by sulphuric acid, give off a grams or lbs., 
&c., of hydrogen. This proportion holds good for any quantity 
of zinc. Iron may be used instead of zinc, but the hydrogen 
thus obtained is not pure, and possesses a peculiarly disagreeable 
s/neJi 




Fig. 17. 

Appamlaa for making a mull 
(juantily of Hydrogen, 
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Hydrogen can also be prepared by decomposipg water into its 
constituent gases, and collecting the latter separately. We have 
seen that potassium and sodium are able at ordinary temperatures 
to displace: hydrogen frotn the oxygen, with which it Tonns water, 
Red hot iron acts like these two metals. Thus when steam is 
passed through a red-hot iron tube^ the oxygen of the molecules 
of water (ateam) unites with the iron and the hydrogen is set 
free. The action that occurs is ; — 

Itnn Water Iron Oside Hydrogen 
Fe, + 4H.O = Fep, + 4H, 
II is worthy of remark that copper ts without action upon water 
at any temperature. 

Properties of Hydrogen. — This gas is the lig;htest body m 
nature. It tg 16 times lighter than an equal bulk of gxygen, and 
14^ times lighter than air ; its specific gravity compared with ait is 
'0692. Its lightness can be demonstrated by filling soap bubbles 
with it, and observing them rapidly ascend. Balloons are gener- 
ally filled with coal gas — a mixture of hydrogen and some of its 
compounds. If an empty balloon be fitted over the neck of a 
bottle containing dilute sulphuric acid and zinc, it becomes filled 
with hydrogen, and if it be closed by means of a piece of 
thread and set free^ it quicldy rises in the air. If a Jar of 
hydrogen be held with its mouth downwards, and a lighted 
taper be brought to it, it will be found that the gas will burn at 
the mouth with a full blue flame, but that the taper is extinguished 
if it is thrust up the jar, This is because the hydrogen at 
the mouth of the jar has a supply of air to unite with. The 
taper is extinguished when enveloped by the gas because the 
substances of which it rs composed have not the power to 
combine chemically with the hydrogen, and the hydrogen does 
not burn inside the jar because there is no oxygen there with 
which it could combine. It thus appears that hydrogtn is a com- 
lustibls gas, irtt ivill not support £omlnisHon. These terms, how- 
ever, are entirely relative ones, for it is possible to burn a jet of 
air or oxygen in an atmosphere of coal gas or hydrogen. In this 
case the oxygen appears as the combustible, and the hydrogen as 
the supporter of combustion. 

When hydrogen burns fn air or in oxygen, or when oxygen is 
burnt in hydrogen, water is formed. In order to illustrate this 
syHtliesis, or building up of a compotir\d fcowi *N.(LTO.e:tte> •afrotfXv 
bmn it, the delivery tube of the hottVe m ^\v\tinV^it«^«k,\^^ssio^ 
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generated, should be fitted with a short piece of wide glass 
luhing conlaining calcium chloride or quicklime. This is called 
a drying tube, and is used in order to ensure the dryinfr of the 
escaping gas. When the gas has heen coming off for some time, 
and all the air has been carried out of the bottle, hght it at the 
end of the delivery tube, and hold a dry glass vessel or tube over 
the flame, In a short lime the vessel used becomes covered by 
drops of water. It is found that for every ounce of hydrogen 
burnt, 9 ounces of water are obtained. Tlie following equation, 
therefore, expresses the action dial occurs, and the proportional 
weights of the combining elemenis, and the compound product. 

Hj-drogen. Oiygen. Water. 

H, + O ■ - H,0 

a -f i6 = i8 

Fill a soda water bottle about one-sixth full of water and invert 
it over the pueumitic trougli. Now introduce hydrogen until the 
bottle is filled with a mixture of the two gases. Slip a glass over 
the mouth of the bottle and stand it inverted on a table. Wrap 
a towel or duster aroond it and hold the mouth to a flame. 
A loud explosion occurs. We therefore see that hydrogen not 
only burns quietly in air, or oxygen, but also that hydrogen and 
air (or oxygen) form an explosive mixture. Experiments show 
that if a mixture of hydrogen and oxygen is made in the 
proportion of two to one, and a flame is applied to it, the whole 
of the gases unite and a few drops of water are produced. 
Hence water is formed, both when hydrogen bums in air and 
when it is exploded with air or o^rygen. 

CARBON. 

Atomic symbol, C. Atomic weiglit, rz. Specific gravity of 
diamond, 3"3. Specific gravity of graphite, a'2. 

Carbon exists in an uncombined state in nature as dimnond, 
and plumbago or graphite (a substance commonly known as 
Uafk-lead, although it really contains no lead), and charcoal or 
lampMad: It occurs in connbination with oxygen in the atmo- 
sphere as carbon dioxide (CO,). Chalk is composed of calcium, 
carbon, and oxygen (CaCO,), and contains about one-eighth its 
weight of carbon. Carbon is the chief constituent of coal, where it 
occurs in union, with hydrogen, whilst most animal and vegetable 
matter coiilains it along with hydrogen, oxygen, and nitrogen, 
TJie presence of carbon in wood can be proved by ^vAtlng a 
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Splinter of wood in a test tube and heating it. over a flame. 
■\V'ater, hydrogens o^'K^"! nitrogen, and some carbon are expelled 
in the form of vapaurs, whilst the black substance which remains 
IS the carbon not driven oft', and is ordinarily termed eharcoaL 
The presence of carbon in sugar can be proved by [xiuring 
strong sulphuric acid on to a syrupy solution of it. A black 
mass, consisting of pure carbon, is left behind. The allotropic 
forms of carbon are lampblack and charcoal, graphite and 
diamond. That is to say, the same weight of lampblacit, or 
charcoal, or graphite, or diamond, burnt in os3'gen, produces the 
same weight of carbon dioxide C^^O^l- practice, a certain 
amount of ash, due to impurities, is left, unless diamond, which 
may be entirely converted into carbon dioxide, is used, flowever, 
by weighitig the ash wTiich remains the amount of carbon which 
united with ihe oxygen can be found, and experiments show that 
the weight of the carbon dioxide formed is always equal to the 
loss of weight which the substance burnt experiences, plus the 
weight of oxygen utilised. This conclusively demonstrates that 
diamond, graphite, lampblack, or charcoal, are all forms of one 
and the same element — carbon. This is well expressed by the 
equation — 

Carbun. Oxygen. Cacbou dimide, 

C + O, = CO, 
12 + 2 X rfi - iz-f 32 

from which we see that iz grams, ounces, or Ibs., iic., of carbon 
unite with 32 grams, or ounces, 5:c,, of oxygen to form 44 grams 
or ounces of carbon dioxide, and so on 
in proportion for any other quantity. 

Diamond. — This, the hardest of 
all known substances, and the most 
prized, is a form of carbon found 
crystallised as octahedra and other 
regular forms (Fig. 28). When 
heated m the electric arc, or in 
oxygen, it first swells up into a black 
porous mass like coke, and then burns 
with the formation of carbon dioside. 
Its specitic gravity is yi. 

Graphite or Plumbago.— This f-e- ^S. 

is another crystalline form of car- At^eiW i3s.\.-it\eCitti^-. avj^j^- 
bon, beijjg o/ten found in hexagomi oil W ol ■Cc«t fa-»^=.^ 
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(six-sided) plates. It goes oTdinarily by the aame of blacklead, 
and is largely employed In the manufacture of drawing pencils. 
When burnt iii oxygen from two to five per cent, of ash, due 
to the presence of foreign snbstances, is left. Unlike diamond, 
grapWtp 15 a good conductor of electricity. Its specific gravity 

is 2'2. 

Charcoal is a form of carbon, destitute of crystalline form ; 
that is, it is amorphous. Wood charcoal is prepared by 
heating wood uDtil it ceases to give off gases and vapours. IE ia 
considerably used foe heating purposes on the continent. Many 
gases are absorbed by it, and this circumstance makes it capable 
of floating on water. By driving out the absorbed gases from the 
pores the charcoal may be made to sink. Its specific gravity 

Bone, or animal charcoal, possesses very similar characteristics 
to wood charcoal, and is obtained in much the same way by 
heating animal substances until the gases and vapour cease to be 
evolved, Bone is composed of about 30 per cent, organic 
matter, and 70 per cent, of such substances as calcic phosphate, 
magnesium phosphate, calcium carbonate, etc. After it is heated, 
however, its composition is changed to carbon, lo per cent., calci 
phosphate, SS per cent., and other salts, 2 per cent. Both wo 
asid animal charcoal possess a purifying power upon noxious and 
hurtful gases. This is the reason why cliarcoal in shallow tcays is 
often placed in sick rooms. 

Lampblack is another amorphous form of carbon. It is 
prepared by burning tar or waste oils in closed ohatubers and 
collecting the soot on damp blankets. It is used in the manu- 
facture of printers' ink. Indian-ink is a kind of lampblack mixed 
with gum water and made into cakes and sticks. 

Coal is a natural substance containing a large proportion of 
carbon.. We shall have occasion to refer to its constitution more 
fully later on. 

Compounds of Carbon and Oxygen.— Carbon unites with 
oxygen in two proportions. In one case an atom of carbon (C) 
combines with an atom of oxygen (O3 to form carbonic oxide 
(CO), and in the other one atom of, carbon unites to two of 
oxygen to form carbon dioxide (COo). The latter gas will be 
considered first. 

Preparation of Carbon Dioxide. — As has been previously 
pointed out, when carbon or any substance containing carbon 
Ja burnt in oxyger,, Of in air, caiboti dioKide is produced 
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(C+0, = COJ. The gas may be more conveniently prepared, 
however, by placing some fragments of marble, limestone, chalk, 
oyster shells, or carbonate of soda (washing soda), in such a 
vessel as was used for the preparation of hydrogen, and pouring 

some dilute acid, or vine- 
gar, upon it. Any acid 
poured upon any car- 
bonate liberates carbon 
dioicide. The gas is I'S 
times as heavy as air, so 
it may either be col- 
lected in the manner 
illustrated in ¥ig. 29, 
or over the pneumatic 
trough filled with warna 

Fig. at). Preparation of carbon dioiide. water. The production 

of carbon dioxide in this 
manner is easily explained. A molecule of marble or chalk 
consists of one atom of calcium associated vrith an atom of 
carbon and three atoms of oxygen (CaCo^'). A molecule of 
hydrochloric acid consists of an atom of hydrogen united to an 
atom of chloritie (HCl). The action that takes place is 
therefore exhibited by the equation ; — 

Marble. Hydrochloric acid. Calcium chloride. Water. Carbon dioidde. 

CaCO, -I- zHCl = CaCI, -i- H,0 + CO, 

That the gas evolved reatly contains carbon, is proved by 
filling a small ilask with it and tiealing a small pellet of potassium 
placed in the flask. The potassium unites with the oxygen and 
displaces the carbon, which is deposited on the sides of the flask. 

Properties of Carbon Dioxide. — This is another colour- 
less and invisible gas. The solubility of the gas in water may 
be proved by half filling a bottle with water and then intro- 
ducing the same volume of gas and shaking the two together 
after corking the bottle. On withdrawing' the cork, air may 
be heard rushing in to fill the space lef^ by the gas absorbed. 
At ordinary temperature water dissolves its own volume of 
the gas, that is, a pint of water at is''C. will disisolve almost 
exactly a pint of carbon dioxide, I'his ia practically true, whatever 
the pressure lo which the gas is subjected. Thus, if a pint of 
carbon dioxide be compressed lo half a pint, then halC a. '^\-cS- cR. 
water will dissolve the whole of llie ^SlS, taO-'-a ■■i.-a.-e^^ 
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the maaufacture of arated waters. Compressed carboii dioxide 
is forced into water and the solution introduced into bottles in 
this condition. When the cork is withdrawn, however, the extra 
pressure is removed and the gas escapes in numerous bubbles. 
Xhe sparkling appearance of airated waters, spring waters and 
wines is due to the presence of this gas. By boiling soltitions 
containing carb on dioxide all ttie gas can be expelled, for the 
capability of water to dissolve it decreases as the temperature is 
increased. With a pri=ssure of about 7S0 lbs, to the square inch, 
and a temperature below — 31" C, carbon dioxide becomes a 
colourless, mobiie liquid. 

If a lighted taper or candle be plunged into a jar of the gas it 
is at once extinguished. This proves that it does not svpport 
combustion. 

Reference has already been made to the high specific gravity 
of the gas. It is further demonstrated by the facts tlmt it can 
be poured from one vessel into another like a liquid, and that a 
candle can be extinguished by letting the gas fall on it. 

To perform these experiments, fill a bottle with the gas and 
show that a lighted taper is extinguished when plunged into it ; 
indeed, it is usual to test the rise of the gas in the jar by observing 
at what point the taper goes out. Now take an empty jar and 
show that a lighted taper will burn in it. Gently pour the 
carbon dioxide from one jar tq the other, It will then be 
found that the taper will not burn in the jar which oiiginally 
contained air, thus demonstrating' that the carbon dioxide has 
passed into it. By slowly inclining a jar of the gas close to 
a candle, until it assumes a horizontal position, the candle will 
be extinguished. 

An important (est for carbon dioxide is its action upon limewater. 
If a little clear limewater, that is, water in which lime (CaO) 
has been dissolved, be poured into a Jar of carbon dioxide, it at 
once becomes milky, owing to the formation of calcium carbonate 
or chalk (CaCoJ, which is not soluble in water. The action 
that occurs is: — 

Liiiie. Carbon Dioxide. Calcium Carbonate, 

C-lO 4- CO, = CaCO^ 

If the milky solution be shaken up with another bottle of the 
gas it again becomes clear, the chalk being converted into 
another caJcium carbonate, which is soluble in water. This is 
an imparlant fact, because it shows that water containing caibon 
Voxide in soiuiioo is capable of dissolving chalk. 
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If we blow into clear limewater, through a tube open at both 
ends, in a few minutes it beicomes milky. This again is owing 
to ihe formation of calcium carbonate. We therefore see that 
in respiralion, or the process of breathing, a quantity of carbon 
dioxide is given out. By continuing the breathing through the 
tube the milky solution becomes clear, owing to the conversion 
of the insoluble calcium carbonate (chalk) into the soluble one. 

The production of carbon dioxide during the conobust5on of 
carbon, or sobstances containing carboOj with oxygen, has already 
been noted. 

Fermentation is another source of the gas. This may be 
proved by warming a bottle containing a little brown sugar, water, 
and brewer's yeast, A gas is evolved in about an hour, which 
will put out a light, and render lime-water milky. 

Carbonic Oxide. — When carbon dioxide is passed over red- 
hot carbon contained in an iron tube, it loses part of its o.xygen, 
and is converted into carbon monoxide, or carbonic oxide (CO). 
The reaction that occurs is :— 

Carbon dioiide. Carbon, Carbonic oxide. 

CO, + C - 3CO. 

This gas burns with a blue flame, and again yields carbon di- 
oxide, thus :— 

Carbonic oniile, Oitygea. Carbon dioxiiie, 

aCO + O. = 2CO, 

When an ordinary coal fire burns, carbon dioxide is produced 
at the lower and outer part of the fire-place. In passing over 
the red-hot charcoal, the catboti dioxide loses part of its oxygen, 
and is converted into carbonic oxide, which, on reaching the 
surface, burns and reproduces carbon dioxide. 

Carbonic oxide is a colourless and invisible gas. It is extremely 
poisonous, and gives a livid hue to the body for some time after 
death. One of the main causes of the fatal result which attends 
the uihalation of the fames of burning charcoal is the presence of 
carbonic oxide. On the continent, where charcoal is widely used 
in stoves for fuel, many deaths occur every year from this cause. 

The following is a brief descriptive list of all the non-metals 
arranged in alphahetical order :— 

Boron. — Symbol, B. Atomic weight, io"$. This element is 
found in nature combined with oxygen and sodium to form borax, 
and in combination with hydrogen and oxygen as boric acid. It 
exists both in a crystalline form and as a dark browt\ ^-saRB.- 
phous (that is, non-crystalline) powdet, \n%o\u\i\e m 'WW.sii . 
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Bromine. — Symbol, Br. Atomic weight, 7976. A deep red 
liquid with a disagreeable smell, and notfihle as being the only 
element, except mercury, which is a liquid at ordinary tempera- 
tures. It is found in combination with magnesium and other 
substances in the sea, and in sea-plants and aninials. With 
hydrogen it forms an important binary compound termed hydro- 
bromic acid, or in symbols, HBr. 

Carbon.— Symbol, C. Atomic weight, ii'py. An extremely 
widely diffused element, occurring in al least three forms, viz, : 
diamond, charcoal, and graphite. This element is fully described 
in previous pages. 

Chlorine.— Symbol, CI. Atomic weight, JS'37. This is a 
yelbwish green gas with a suffocadng odour. It is rarely found 
in a free state, but occurs abundantly in nature in combination 
with sodium (Na), as sea-salt or rock-salt (NaCl), chemically 
known as sodiutn chloride. It aiso occurs in many soils and 
natural waters, and is constantly present in plants and animalg. 
Chlorine is easily prepared by acting on black oxide of manganese 
with hydrochloric acid. 

Fluorine, — Symbol, F. Atomic weight, iq'oS. A colourless 
gas with a penetrating, disagreeable smell, It is found pretty widely 
distributed in nature, but never uncombin-ed. Its commonest 
compound is fluor-spar or calcium fluoride (CaF,). This sub- 
iitance is found in many soils, in several natural waters, and in 
the sea. It slso occurs in plants, and in the bones of animals. 
A mineral called cryolite is another source of fluorine, for it 
is composed of sodium, aluminium, and fluorine, thus united, 
6NarAl,FB, The most important propei'ty of ihig element is its 
power of corroding or etching glass. 

Hydrogen.— Symbol, H, Atomic weight, i. (Described in 
preceding pages.) 

Iodine. Symbol, I. Atomic weight, i26'S4. An indigo-blue 
crystalline solid, resembling plumbago in lustre. It occurs in 
combmation with sodium or potassium as n constituent of sea- 
weed, and also in certain mineral springs, but is very rarely found 
in the crust of the earth. 

Nitrogen. — ^SymboI, N, Atomic weight, t4'oi,. Characterised 
by its lack of properties. It is a gas without colour, odour, or 
taste; it neither burns nor supports combustion, and it cannot 
therefore support life. 

About fciur-fiflhs of the air which surrounds U3 consists of 
B'trogca in an uncomb-ined state. It occurs in combination in 
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coal and some other minerals, and in all plants and animals. 
Saltpetre, or nitre, is composed of potassium, nitrogen and o^g-gen 
thus— KNO,. 

Oxygen.— Sjinbol, O. Atomic weight, 15-96. A gaa having 
neither colour, taste, nor smell. It is the most widely-i^ifTused 
element in nature, and exists in a free state as one-fifth the volume 
of atmospheric air, and combitied with hydrogen as eight-ninths 
the weig^ht of all the water on our globe. It is also an ingredient 
of nearly all the rocks on the earth. (See previous pages for 
a fuller description.1 

Phosphorus.— Symbol, P. Atomic weight, ^o'g6. A soft, 
pale-yellow solid, which miy be cut with a knife at ordinary tem- 
peratures. An extremely wfdely-diifused element, rarely found 
free in nature. Its most iniportsnt compound is composed of 
calcium, phosphorus, and oxygen, and is called calciu.m phos- 
p.hate (Ca^zPOj), which occurs in many rocks. It seems to be 
essential to the development of animal and vegetable life. 
Calcium and magnesium phosphates give strength and rigidity to 
the bones of animals, whilst flesh, blood, milk, etc., all contain 
phosphorus in some state of combination. 

Selenium.— Symbol, Se. Atomic weight, 78-87. Abrownish- 
red, semi-transparent solid, It is a very rare siibstrtnce, and 
occurs in nature combined with sulphur and with lead. 

Silicon. — Symbol, Si, Atomic weight, zS'o. This important 
element is obtained in three allotropic form.5™(t) as a. dull-hrown 
amorphous powder; ^2) as hexagonal or six-sided scales similar 
to crystals of graphite ; (3) as brilliant octahedral crystals, hard 
enough to scratch glass. These forms are analogous to the allo- 
tropic modifications of carbon (charcoal, graphite, and diamond), 
and are often termed amorphous silicon, graphiloida! silicon, and 
diamond silicon. Silicon never exists uncombined in nature, but its 
oxide, called lUj^a, and symbolised hy SiO„ is the chief constituent of 
the crust of the earth. It characterises the stony skeleton of our 
globe just as carbon characterises livingmatter, Sand, sandstone, 
and quartz are pure silica, and a multitude of minerals consist 
mainly of this substance. 

Sulphur,— Symbol, S. Atomic weight, 3i"98. A lemon- 
yellow brittle solid at ordinary temperatures. It exists in at least 
three allotropic forms, respectively represented by tiie powder 
called flowerj of sulphur, brimstone, or stick sulphur, and 
crystallised sulphur. The last-named variety is easily Qh^!sio.e&.\i-^ 
dissolvitig sulphur in carbon bisulpVvide, Tj.ni Ctveii CNaj^Q^'^J^'is*^ 



J6 



ELEMENTA.RV PHVSIOCRAPHV. 



liquid. This is tlie form in wliich sulphur is found naturally in 
volcanic distrtcls, where it presents itself in large veiHs. Sulphur 
is also abundantly found in comhi nation with many elements: 
with iron (Fe) it forms the mineral known as iron pyrites 
(FeS,), with lead (Pb) it forms another mineral termed galena 
(PbS). and is united with zinc (Zn) in blende, In combination 
with ox3'gen it forms with various metals the ternary compounds 
known as sulphates. Thus heavy spar is formed of barium, 
sulphur, and oxygen, in the proportions represented hy the formula 
BaSO,, and is chemically known as barium sulpliate. Gypsum 
is calcium sulphate, and has the formula CaSOj. 

Sulphur burns in air or oxygen with a blue flanne. The fumes 
evolve a pungent smell which is known to every one who has 
struck a brimstone match. The reaction that occurs is — 
Sulphur Oiygeu Sulphur Dioxide 

^ + O, = SO, 

Sulphur dioxide may also be prepared by pulling some copper 
clippings in the bottle used for the preparation of hydrogen, and 
pouring' strong sulphuric acid on them. The gas is about twice 
as heavy as air, very soluble in water forming an acid solution, 
highly poisonous, and does not allow a candle to burn in it. It 
also bleaches vegetable colouri ng matters. This may be shown by 
hanging a flower, such as a red rose or bunch of violets, in a jnr of 
the gas, and observing its colour gradually disappear. Another 
important property of sulphur dioxide is its power of preventing 
animal substances from putrefying. 

Water dissolves about fifty times its volume of sulphur dioxide, 
the solution thus produced liaving a very acid taste, and sharing 
with all acids the property of turning blue htmus red. 

Another compound of sulphur and oxygen can be made, 
namely, sulphur trioxide (SO,). When this is dissolved in water, 
sulphuric acid oi oil of vitriol is formed. The reaction is thus 
expressed : — 

Water Sulphur trioxide Sulphuric acid 

H,0 + SO, = H,SO, 



QUESTIONS ON CHAPTER III, 

I. Give etperlireuts showing how any two binary ooiiipounds can be 
fomnsf. (1890.) 
I. Dc5cfibe two simple chemical eipeiimEiits. (i SSS. > 
^, Into what Biniple compouoda can a piece of pore HmcGtone be split up, 
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4. Name Lhe binary coinpcund:i nhich are united to form a piece of lime- 
stone. State how these may be separated from one anQther, and describe the 
cliai aeteia presenied by each of them. What elements are present in ihese 
biiia.fy componnds, snd what is the gcneKtl character of each of these 
eleinciils? (iSSo.) 

5. Hew can a. mccWrJcol mlsluie be distinguished froin a cheinical 
compound ? 

G. What ate alums, nicilfcnles, and cVicmica] elements ? 

J. Describe a nieiliod hy niL-sna of -wiiich oxygen can he prepa-rcd, and state 
Ibe ohict [jtD|ivrliea of this goa. 

3. Explniu the LQcaoirig of the words acid, base, and salt, as used in 
chtuiLslrj, 

9. Describe a mode of preparation, and the chief properties cf hydr ojgen 7 

10. Ill what unuombined ftirrrs does carbon csist in nature? What are the 
chief tOnipounJs of carbon? Describe their properties. 



CHAPTER IV. 

/ 



WATER-ITS COMPOSITION AND DIFFERENT 
STATES. 

The Three States of Water. —The three physical states, 
namely, solid, liquid, and gaseous, which matter may assume, are 
well illustrated by ice, water, and steam. But no cheniicaJ altera- 
tion takes place during the change from one state to atiotlier. 
A pound oi ice furnishes a pound of water, which, jf sufljcieully 
raised in temperature, furnishes a pound of steam, and, hy proper 
means, t!ie steam may be condensed into water and then into 
ice -without experiencing the slightest loss of weight or alteration 
cf chemical constitution. 

Since ice iloats on water It nitist be lighter, bulk for bulk, than 
an equal volume of water, that is, its specific gravity must be less 
than water. Experiments show that the speciBc gravity of pure 
ice, compared witli water, is o'giS. 

Water expands when heated, hence equal volumes of water at 
ditferent temperatui-es have not the Sixme weight. This is easily 
proved by taking equal volumes of hot and cold water, and 
showing that the latter more than coanterbalances the former. 
When water is converted into steam an '^c^fisfc ^ 

volume occurs, one cubic itidi ot "ViaV-ti 
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Oxygen 



Hyorosem 



inches (that is, nearlj a cubic foot) of steam. Equal volumes of 
air and steam, when at the same temperature and pressure, weigh 
respectively r gram and o'622 gram. The specific gravity of 
steam compared ivith air is therefore o'622. 

Composition of Vi/ater. — Tt is possible to decompose water 
into its two constiluent •,'ases by means of the electric current, 
To ijerform this striking experiment at least three Grove's or four 
Bunsen's cells are necessary. The wires from the battery of cejls 
are joined to the terminal screws of the instrument illustrated in 
fig- 30, aud called a ml famuli-/: Each of these screws is 

soldered to one end of a 
short bit of wire, having 
at tlie other end a strip of 
platinum foiJ, Water, to 
which a little sulphuric 
acid has been added, is 
poured into the basin. 
Each test tube is now 
fillefl with water, and, by 
placing the thumb over 
the mouth, and only taking 
it away under water, each 
tube may be inverted in 
this condition, over the 
terminals of platinum foil. 
If the battery is in working 
order bubbles of gas will 
be seen to rise from each 
strip of platinum and col- 
lect in the test lubes. 
Twice as much gas will 
come off iit the terminal 
in tonntjctioii with the 
zinc plate of the batterj- as 
is disengaged at the plati- 
num or carbon plate. When suflident gas has been collected their 
properties may be tested. The tube first filled will be found to 
contain a gas which burns with a pale blue Hame, and has all the 
propt^rties of hydrogen. The remaining tube contains a gas 
which rekindles a glowing match, and exhibits the properties of 
-.vi^en. If the electric current ivere allowed to flow for a sufB- 
e/it time all the wafer would be decomiios*^^ ^'^o iVa^e, ^.-wii 




Fig- 3<^ 

A vrltameter, fcir riecom posing water into 
oxygen and ^lJ'^l^ogell, by means 
an dtittric current. 
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gases. It appears, therefore, that water consists of hydrogen and 
oxygen united, in the proportion of two volumgs of tlie former 
gas to one of the latter. 

The decomposition of water by means oF potassium and 
sodium, and by passing strain over red-hot iron, lias been alluded 
to in the section which deals w:th the preparation of hj-drogen. 

The Synthesis of Water,— The formation of water when 
a mixture of hydrogen and oxygen is exploded by being 
brought near a fiame has already been refened to. In 1766, 




Fig. }i. A Eudiometer Cot t\ve R^Tiliiesis "*Nai«. 
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Cavendish found that the loudest report was obtained when 
the hydrogen employed has twice the volume of the oxygen. 
The most accurate melhod of forming water by the explosion 
of its constituents is by means of a eudiometer. This 
consists of a strong graduated glass tube, open at one end and 
closed at the other, and having two platinum wires melted 
through the glass near the top. (Fig, 31.) To perform the experi- 
ment, the tube is first Tdled with mercury. Hydrogen is then 
introduced, and its volume read off on the graduations of the 
eudiometer, Ox)'gen is next caused to enter the tube, and the total 
volume of the mixed gases read off. The gases can be preserved 
for any length of time in this condition, but if an electric battery 
or machine jiul in connection with the eudiometer wires, and tin 
electric spark passed between the two platinum terminals inside 
the tube, a ioud explosion occurs, considerable heat is developed, 
and after the apparatus has cooled down a few drops of water will 
be seen. If, say, 100 volumes of hydrogen and 80 volumes of 
oxygen were introduced into the eudiometer, 30 volumes of 
- oxygen would be found in the tube after the esplosion. It is 
thus proved that 100 volumes of hydrogen require 50 volumes of 
oxygen for their complete combustion. The proportion of the two 
gases in water is, therefore, as a is to i. 

When a stream of hydrogen gas is passed over heated oxide of 
copper (CuO) the former robs the latter of its oxygen, and the two 
unite together to form water (H3O), which may, by proper means, 
be collected and weighed. The change that occurs is : — 

Hydrogen Copper OxiJe Waler Copper 

H, + CuO - H,0 + Cu, 

The decrease in weijjht of the copper oxide is the amount of 
oxygen absorbed, and the dilTerence of the weight of water formed 
and the oxygen used gives the weight of hydrogen. The exact 
weights of the two gases necessary to form water may thus be 
determined. Experiments show that 16 parts by weight of ON-ygen 
always combine with 2 parts b)' weight of hydrogen Co form i S jmrts 
by weight of water. The analysis and synthesis of water, therefore, 
indicate that its molecule is formed of two atoms of hydrogen 
combined with one atom of oxygen, 

Water as a Typical Chemical Compound.— A\'henever 
or whatever water is analysed, the component gases hydrogen 
aaii o\j-gen sire always found to occur in the same definite 
Ifropottion. This, as has been befofe lemaiVei, a nViwa.^- 
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terislic of all chemica.! compounds. In the case of air, rtie 
proportion of oxygen, to nitrogen is subject to slight variation, 
hence air must be a mixture of gases. The constituents of a 
chemical compound are further distinguished by the differences 
which exist between theii properties and that of the compound 
itself. Here, again, water is a typical case. The inflammable gas, 
hydrogen, and the active supporter of combustion, oxygen, combine 
to form a body which has no properties in common with either. 
But in the case of air — a mixture — theoxygen and nitrogen do not 
lose their distinctive properties. The nitrogen merely tones down 
the active properties of the oxygen, whilst the oxygen may be 
looked upon as counteracting the negative properties of the 
nitrogen. 

Solvent Properties of Water. — It is commonly known 
that some substances, e.g., sugar, salt, soda, and alum, are 
very easily dissolved in water, that is, they are very soluble 
in it. Others, e.g., chalk, flint, or sand, are practically insoluble, 
In fact, there is a wide diversity in the amoutilL of different 
solids which will dissolve in the same quantity of water, As a 
general rule, hot water will dissolve more of a particular solid 
than cold. In illustration of this, dissolve some soda in boil- 
ing water and allow the solution to cool. As the temperature 
decreases the amount of soda which the water can hold also 
decreases, and so some is deposited at the bottom of the vessel. 
The sugar often seen at the bottom of tea-cups is another example 
of the same rule. There are, however, a few exceptions to this 
rule ; thus, lime (CaO) is more soluble in cold th.in in hot water. 
A solution is said to he saturated at a particular temperature when 
it contains as much of the solid dissolved in it as it will hold at 
that temperature. At a temperature of 60" F., 1,000 parts by 
weight of water are capable of dissolving 300 parts by weight of 
potassium nitrate or nitre. At a higher temperature a greater pro- 
portion of nitre to water is necessary to form a saturated solution, 
whilst a lower temperature requires a lesser proportion of the solid. 
To demonstrate this make a strong boiling solution of nitre in a 
lest tube, and kt it cool to the ordinary temperature of the room 
(about 60° K). Nitre will be seen to separate from the solution 
and sink to the bottom of the lest lube. After a short time pour 
□IT the clear liquid into another lest tube, and hold it in a freezing 
mixture of ice and salt, or hydrochloric acid and amrcvtHw-MS. 
niltaie. A further sepatalion tat -i^'sskst. 
above stated. 
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In no case, when one body dissolves in another, is there a loss 
of weight. Thus a pound of sugar or of salt, dissolved in a pound 
of water, produces a syrupy or briny solution weighing two pounds. 

Crystallisation. — If the nitre thrown out of solution in the 
Inst eyperiment be examined it will be found to consist of 
numerous hexagonal or six-sided prisms. Crystals of common 
salt may be obtained by making a strong solution of this sub- 
stance and allowing it to evaporate. They have the form of a 
cube. Ill like manner, by evaporating a solution of alum, 
crystals having an octahedral (eight-faced) form are prepared. 

A large number of substances when allowed to form slowly 
arrange themselves in these regular geometrical forms which are 
called crystals. Some substances, such as sulphur, crystallise when 
melted into a hqtiid and allowed to cool, or when their vapour is 
condensed, or when they are dissolved in a liquid which is caused 
slowly to evaporate. The last method is the one employed to 
obtain crystals of the majority of salts. Substances devoid of 
crystalline form, e^., lampblack, are said to be amorf hints. 

Snowliakes consist of crystals of ice arranged so as to form 
symmetrical figures having six rays or six sides. This hexagonal 
arrangement can often be detected in snowflakes which have 
fallen on a daric surface such -is the sleeve of a coat, 

Water of Crjrstallisation.— The simple solution of a sub- 
stance is not of necessity accompanied by chemical action, for it 
is found that many crystals obtained by the evaporation of the 
water which contained them do not contain any water. On the 
other hand, the crystals of numerous salts contain water chemically 
combined, even though they may appear perfectly dry. The 
form and the colour of such crystals often vary with the number of 
molecules of water present. A piece of alum heated in a test 
tube gives off its water of crystallisation, which condenses on the 
cooler sides of the tube. At ordinary temperatures a molecule of 
crystallised alum contains 24 molecules of water, a: 100° C. ten 
molecules are given off, at lao*" C, ten more molecules, and 
at zoo'' C. the remaining four are driven out of combination. A 
molecule of zinc sulphate contains seven molecules of water, its 
true formula being; ZnSO^ 7H,0. Six of these molectiles are driven 
offata temperature of I oo*C., and the last one disappears at 2 40^*0. 
Some substances, such as soda carbonate, give off their water of 
crystallisation at ordinary temperatures. It is on account of thia 
jSrt c/jat washing soda geis coveied Nsith a layer of a white 
owdery character and loses its dLsLincXwe qjiaiuvlies. ^VKi\ 
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substances are said to be effiortutnt. Some salts, €.g., calcium 
chloride, act in the opposite manner, that is, they take up moisture 
and become wet if exposed to the sir. These are said to be 
deliquesctnt bodies. 

Magnesium- platinum - cyanide is a good example of a body 
which changes in colour as it loses its water of crystallisation. At 
ordinary temperatures its crystals are of a dark salmon- red coloitr. 
At 50° C. it parts with one molecule of water and becomes yellow. 
At 100" C. id loses four molecules and becomes white. At 200° 
it loses the remaining molecules of water and again becomes 
yellow. By simply breathing on the white salt the cryslaJs are 
made to absorb water, and they become pink again. A salt more 
easily procured is cobalt nitrate. Make a solution of this com- 
pound and write some characters with it on a sheet of paper. The 
writing will be invisible. If, however, the paper be lield near to 
a source of heat the writing plainly appears of a deep blue colour. 
This is because the cobalt nitrate with which the cliaracters were 
traced loses its water of crystallisation when it is heated, a blue 
salt being formed. If the paper be left for a few minutes the blue 
salt will absorb moisture from the air and pass again into the 
pink modification. 

Soft and Hard V/aters. — Some waters— for example, rain- 
water — easily form a lather with soap, other waters curdle the soap 
and do not easily produce a lather. The former are called 'soft' 
waters and the latter 'hard.' Hard waters contain substances 
dissolved in them which combine with matter in the soap to 
form the insoluble cuxd. Soap thus consumed is wasted. Soft 
waters, on the contrary, do not contain these substances, and so 
they dissolve the soap and produce a cleansing lather without 
difficulty. 

Temporary and Permanent Hardness of Water. — 

Water from chalky districts is generally hard in consequence of tha 
calcium carbonate (chalkj dissolved in it. This salt, like other 
carbonates, is soluble in water contaitiing carbon dioxide, as all 
natural waters do. When such water is boiled the carbon dioxide 
is driven off, and the chalk, which the water is no longer capable 
of dissolving, is deposited as ' fur ' or incrustation in the kettle or 
boiler. Water containing carbonates in solution may therefore be 
softened by boiling, and so are said to possess temporary hardness. 
Permanently hard waters cannot be softened by boiling. They 
contain dissolved s,ilts other than catbonaXes ^.oi 'mSi'WL'Wi&^ t;^S.';,'*>iMv 
or magnesmm sulphate or nitrate, T^ve a.i<ivC\Qn. 
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carbonate (washing soda) renders such waters soft and fit for use, 
A fuHer treatmei^t of the substances dissolved in rain, spring, sea, 
and lake waters will be given iti future chapters. 

Filtration of Water. — After turbid water has been allowed 
to siaiid undisturbed for a short time a sediment will be ob- 
served at the bottom of the vessel containing it. This sediment 
represents the solid matter which was suspended in the water. 
Water could evidently be roughly separated from the solid 
paiticies which it holds in suspension, by causing the sediment to 
be deposited and then pouring off the clear liquid above it. A 
more effective method of separating such impurities from water is 
that of filtration. The filter often used by the chemist consists of 
a circular piece of unsized paper, which, after folding so as to 




Fig. 31. Snccessivi: stages in the fglding of a filter paper for iaseitioii 
intg a. fuimel. 



make a quarter- circle, is opened and placed in a glass funnel in 
the manner shown in Fig 32, To illustrate the action of such a 
filter add water to a mixture of black manganese oxide and sugar, 
or sand and common salCj and pour it into the filter paper in ihe 
funnel. The water passes through clear, leaving the manganese 
oxide or the sand on the filter paper, but the liquid still tastes 
sweet or salt according to whether sugar or salt has been dissolved 
in it. Suspended matter may thus be separated from water by 
filtration, but not substances in solution. Compressed charcoal 
blocks and layers of sand and earth act as filters in like manner, 

Rvaporation of Water. — Dissolved salts can be removed 
from water by evaporation. Tins may be proved by putting some 
of the clear solution from the preceding experiment into a 
porcehin basin and slowly heating it with a spirit flame. The 
wafer pnsses of!' as steam and the dissoWed sMbs,V^tvc,e U left, in 
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the basin. The same result would be obtEiined if the solution 
were allowed slowly to evaporate in tlie air. The proportion of 
solid matter dissoK-ed in difierent wat^ers is always determined by 
evaporating a known weight of the water under exauiinatioti and 
then weighing the salts which remain in the evaporating dish. 

Distillation of Water. — In order to ottain water perfectly 
free from all impurities distillation is employed. The whole 
process consists in boiling the wuter to be purified and condensing 
its vapour. An effective apjiaratus for distilling liquifis is shown 
in Fig. 33. Water is boiled iu a. retort, the end of the neck of 




^'S- 33- DiistilU-tion on a small scale. 



which passes into a flask. A wet cloth, or a wet piece of blotting 
paper, is wrapped round the neck. The steam evolved is thus 
cooled down and condensed into water and is collected as such in 
the flask at the bottom, When large quantities of liquid have to 
be distilled a boiler is used iniitead of tfie retort, and the steam is 
cooled by passing through a. long spiral coil of metal tubing kept 
in cold water. 

Maximum Density of Water. — We have remarked in a 
previous chapter that most substances expand when heated. 
Water obeys this law generally but not absolutely. If water be 
cooled it contracts until a temperature of 4° C. (39° F.) is 
reached. It then begins to expand and continues to expand 
until it freezes. The point at which water ceases to contract for 
a decrease of temperature is thetefote vhe. ■^om'i. ^A. ■s'w.'is^ 
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has a maximum densily. The late Dr. Joule found that the 
exact temperature was ^'9141'' C. If salt be added to water the 
[Kiint of maximum density is lowered^ A cubic foot of water at 
4° C, expands as it is cooled to the freezing point, and therefore 
forms more than a cubic foot of ice; hence, bulk for built, ice 
must be lighter than water, and a proof of this is the fact that 
ice floats oil water. Compared with water, the density of ice is 
o"92. To prove that water expands, and exerts great force when 
freezing, fill a small glass bulb with water, seal up the end, and 
place it in a mixture of ice and salt. The bulb will be burst by 
the expansion of the water. Iron bombs have been filled 
with water.and cooled down to the freezing point with the 
same result. 

Since water expands when cooled from 4.° C. to o*" C, it should 
contract when heated from 0° C. to 4° C, and this is really the 
case. To demonstrate the contTaction, fit a cork with a narrow 
glass tube in it to the neck of a flask filled with a mixture of ice 
and water. As each piece of ice melts it forms a lump of 
water slightly smaller than itself, hence the height of the liquid 
in the narrow tube will be observed to sink. Above 4° C. 
water, like other substances, expands with increase of tem- 
perature, and at 100" C, is converted into steam. 

It should be borne in mind that ice may be cooled down to 
temperatures below the freezing point of water (0° C). 

The changes which take place when a piece of ice is heated 
may be summed up as follows: — 

(1) It expands up to 0° C, like other substances. 

(2) It melts to form water at 0° C, with decrease of 
volume. 

(3) From lo 4° C. the conlraclion continues. 

(4) At 4" C. the point of maximum density o-ccurs. 

(5) From 4^* to 100" C. water regularly expands, 

(6) At too" C. water is transformed into water-vapour. 

(7) Beyond 100" C. water -vapour expands as a gas. 

How Water Freezes. — Consider the case of a lake or 
pond which is being cooled at its surface by cold air. As has 
been pointed out in the section devoted to convection currents, 
the chilled particles at the surface get specifically heavier than 
the water below them ; they therefore sink to the boHom and are 
replaced by lighter particles from beneath. This movement goes 
on tinlii ah ibe (valej- has been cooled down lo 4" C. Further 
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cooling causes water to expand, and therefore to become speci- 
fically lighter. Hence the water particles at the surface, as they 
are cooled below 4° C, do not descend, but remairt at the top, 
and if they are cooled tn 0° they are transformed into ice. A 
film of ice is thus first formed on the surface. This is cooled on 
one side by the air, and therefore by conduction cools the layer 
of water beneath, and eventually converts it into ice. The ice 
thus becomes thickened by the slow process of conduction. 

If water did not expand when cooled from 4" to -o" C, the 
surface particles would continue to get heavier right down to the 
freezing point, and as the ice was formed it would fall to the 
bottom instead of remaining at the Cop. Lakes and ponds would 
thus soon become solid masses of ice, a large proportion of which 
would remain unmelted throughout the whole year. 

Rapidly moving streams and rivers may have their temperature 
reduced several degrees below the freezing point of water without 
any ice forming at the surface. In such cases the water freezes at 
the points where the motion is least, that is at the bottom. Ice is 
thus formed 'on rock surfaces and weeds in the river bed, the for- 
mation being known as gremd ice or anchor ice. Its buoyancy is 
often sufficient to cause it to tear away from the bottom and rise 
to the surface, with materials from the river bed, to he slowly 
de|M)sited as the ice to which they ate attached is melted. 

Latent Heat of Water. — If a pound of water at So" C. be 
mixed with a pound of water at 0° C, two pounds of water at 40°' C. 
are obtained. But if one pound of water at So" C. be mixed with 
one pound of ice ato"C., two pounds of water at 0° C. are formed. 
We iherefore see that when ice melts, a large quantity ofheat is 
used up without raising its temperature in the slightest degree. 
This heat is sLiid to he latent, that is, hidden, because it does not 
make itself manifest to our sensations. All bodies absorb heat 
when liquefying and evolve tt when solidifying. Thus when sugar 
or salt is dissolved in water a certain amount ofheat is used up, 
and a handful of nitre thrown into a basin of water lowers its tem- 
perature about 10". When a body is heated part of the energy 
received increases the motion of its particles and so causes expan- 
sion, and another part is spent in overcoming the force of cohesion, 
that is, in transforming a solid to a liquid or aliquid to vapour. 

The heat used up in this manner produces a kind of potential 
molecular energy which will again appear as heat when a vapour 
is converted into a liquid or a liquid into a solid. The following 
espenmeut is a striking proof of the liljeritiotv V>.\e.v*.V^i^-^>as»- 
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a liquid is tra.i]srormed into a. solid. Make a saturated solution of 
sulphate of sodium at a blood lieat. Pour the clear solution into 
a clean flask and keep it from dust by tying a piece of paper over 
the neck of the flask. Cool the solution by standing it in waler. 
After an hour or so break the cover of paper. Crystals of sodium 
sulphate rapidly form, and after a very short time all the liquid is 
converted into a solid, and the flask feels warm, owing to the 
latent heat which is given out. It is sometimes necessac/ to 
start the crystallisation by dropping a crystal of sodium sulphate 
into the saturated solution. If it were possible suddenly to 
convert water into ice, heat would be evolved in precisely the 
same manner as in the above experiment. A gram of ice requires 
nearly So calories to melt it. Conversely, a gram of water gives 
out nearly So calories when it solidifies. 

The latent heats of tin, suiphur, and lead are about 14, 9, and 
5, so that these numbers represent the calories absorbed or evolved 
when a gram of each of these todies melts or solidifies. As a 
matter of fact, water has the greatest latent heat of any known 
substance, that is to say, a pound of ice requires more heat t& 
melt it, or a pound of water evolves more heat in solidifying than 
any known substance. 

Latent Heat of Steam. — If a flask he fitted up as shown in 
fig- >5i P- 43) the water in it boiled, it will be found that the 
thermometer indicates the same temperature (100° C.) whether it is 
in the water or just above it. If the boiling is continued long' 




Fig, 34, Method of iJetermining the Latent Heat of Steam. 
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enougli all the wa.ter disappears. Id this case, similai to that of 
the experiment on melting ice, the heat of the flame is used up in 
overcoming the force of cohesion between the particles of liquid, 
snd so in tr^tnsforming Che liquid into a gas or vapour. 

It is evident, therefore, that whether water-vapour is produced 
by boiling or by evaporation, heat must be rendered latent. 
Conversely, when water-vapour is condensed, heat is given out. 
To iUustiate this, take some water in a flaslt or bealter and heat it 
by means of the arrangement shown In Fig. 34. The water will 
be speedily raised to the boiling point. If the weight of the 
water at the beginning of the experiment were known the 
amount of water-vapour which was condensed could be found 
by weighing the beaker at the end of the experiment ; and 
by noting the temperatures at the beginning and the end, the 
heat given out by each gram of water-vapoui in condensing could 
be calculated. 

An example will make this plain. 100 grams of water at a" 
were heated to 100° C. by the addition of grams of steam. 
Hence i gram of steam will raise 100 grams of water through 
degrees, that is, from o" to 5'36° ; therefore r gram of steam will 
raise 536 grams of water from o" to i" C, that is, the latent heat 
of steam is 536 calories, a calorie being the amount of heat required 
to raise r gram of water from 0° to 1° C. If i8'6 grams of 
boiling water were added to 100 grams of water at 0° C. the 
temperature of the mixture would only be i yfi° C. Steam, then, 
at 100° C. contains much more heat than water at 100" C, In 
consequence of this, steam gives a much more severe scald than 
hot water. 

The latent heats of vaporisation of a few substances are as 
follows :— Steam. 536; alcohol, 264; ether, gi; turpentine, 69; 
mercury, 62. These values represent the number of calories 
necessary to convert a gram of each respective substance from the 
hquid to the gaseous state, or the number of calories evolved when 
a gram of the vapour is liquefied.. 

Phenomena Resulting from Latent Heat of Vapori- 
sation. — If a drop of spirit be poured on the hand it quickly 
disappears, and the sensation of cold is produced. This is because 
the spirit takes heat from the hand in order to assume the s.tale of 
vapour. Again, in summtT, wet cloths are wrapped round bottles 
of wine to keep the wine too], and in hot countriea water is often 
kept in porous earthenware vessels for the same purpose. Thasie. 
facts prove that evopoiation cooU tVYOSie \«^i\fes. 'wi "fea Ni^iiQ^-i 
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where it is going on — the more rapid the evaporitioa the gfeater 
IB the cooling effect. 

Importance of the Great "Latent Heat of Water and 
Steam. — Ice is not quickly formed because water has such a large 
latent heat, that is to say, water hiis to lose a large amount of heat 
before it solidilies. Hence a sheet of water generally requires a 
succession of cold days to rob it of the latent heat which keeps it 
in a liquid state. Similarly, ice requires a large quantity of heat 
to transform it into water, and, in consequence, the melting of ice 
or snow is a very slow process. If this were not the case, then 
a sudden thaw would quickly melt all the ice and snow that had 
formed during a frost, and produce enofmous quantities of water. 

The high latent heat of water-vapour prevents water from 
evaporating too fast, and from being abruptly and violently preci- 
pitated from the air in the form of rain. Again, if water required 
no latent heat in order to be transformed into the gaseous state, 
then the change of state would occur the moment it was raised to 
a temperature of loo" C, When water-vapour is condensed into 
rain, the latent heat which it contains is given up to the surround- 
ing atmosphere. The heat thus evolved when rain is formed ia 
enormous. 

Importance of the Great Specific Heat of Water.— 

In Chapter II, it was noted that water had the greatest specific 
heat oral! known substances, that is, a pound of water requires more 
heat to raise its temperature than an equal amount of any other 
substance. The temperature ol water, therefore, is not easily 
rai.'ied or lowered. This is a most important fact. The sea and 
other sheets of water cannot be made very hot in summer in con- 
sequence of the large amount of heat which is necessary to increase 
their temperature. Neither do they cool quickly during the cold 
seasons of the year, on account of the large amount of heat that 
has to be evolved in order to bring about a decrease of tempera- 
ture. Water surfaces thus modify both the intense heat of summer 
and ihe severe cold of winter, that ss, they tend to render the 
climate of a place less hot in summer and less cold in winter, If 
our oceans and lakes were filled with mercury, which has a low 
specific heat, instead of water, then whilst the sun was shining they 
would get extremely hot, but as soon as this source of heat was 
withdrawn, they would ra]iidly decrease in temperature. 

Influence of Dissolved Salts on the Boiling Point of 
Water. — Under ordinary conditions water boils at a temperature 
a/'eao^ C(3i2 " ¥.). By the addition of saline matter the boiling 
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DissoWcd Salt 

Sodium Carbonate 
Common Salt 
Nitre 

Calcium Chloride 



Boiling Point 
of Solution 

roo^'eC 
ioS<'-4C 

ris^-gc 



point is raised. The following table shows the boiling points of a 
few saline solutions; — 

Number of Grams 
or Salt Dissolved la 
loo Grams of Water 

4S'S 

41-3 

335'' 

325'° 

Influence of Pressure on the Boiling Point of Water. 

■ — The surface particles of any liquid always have a tendency to 
forsake the body of liquid and pas? off as vapour into the sur- 
rounding air. This tendency (called vapour tension) is greater 
in some lirjuitls than in others, and increases with teni|)erati;re. 
When water, or any other liquid boils, the tension of its vafjour 
is equal to the pressure upon it. Thus, Che average pressure of 
the atmosphere at sea-level is 1 5 Ihs, per square inch. The 
vapour tension of water at a temperature of too" C. is equivalent 
to this pressure. Under ordinary circumstances, therefore, water 
boils at a lemperature of 100* C, If the pressure on a water 
surface be 7 lbs, per square inch, then the water begins to boi! at 
So" C. In illustration of boihng under lessened pressure some 
hot water may be placed under the receiver of an air pump 

When the pressure has been suffi- 
ciently diminished by pumping out 
the air, the water will begin to boil 
even though it is only luke-warm. 
To further illustrate this important 
point procure a round-bnttomed 
flask and fit a good sound cork, or 
india-rubber stopper, to its neck. 
Boil water in the flask until ail the 
air is expelled, then quickly remove 
the burner and cork up the flaak. 
Boiling ceases almost immediately j 
but if the ilask is inverted, and a 
piece of ice placed upon itj the 
-water again begins to boil (Fig, 35). 
The same result is obtained if the 
corked flask is immersed in cold 
water. The explanition ct lOcis. 




Fig. 35- Illustration of the effect 
of piessure on the bulling 
point of wa-ter. 
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ice placed upon the flask condenses the invisible water-vapour 
Inside, and so dimiaishes the pressure it exerts on the surface 
of the hot water. 

The pressure of the atmosphere is greatest at sea-level, and 
diminishes as we ascend. But the temperature at which water 
boils is less when the pressure is less, hence the temperature of 
bailing "Water should diminish as we ascend a mountain. This is 
actually the case, the rale of diminution heing aboyt i° C. for an 
ascent of ijooo feet. The foliowing table shows the temperature 
of boiling water at a few stations : — 

Height of Bdling point 
Slatioa of Water 

Salt Lake City, Utah 4,338 feet g5°'& C. 

Summit of Pier, Azores ... 7,615 „ 92""5 C. 

Lake Moraine ... 10,357 „ go^*r C. 

Pike's Peak, Rockj- Mountains . 14,085 „ S^^'e C. 



QUESTIONS ON CHAPTER IV. 
li State Ihe vaiious forms of water. (iSSS) 

X. State the chief diiTercnccs in the properties of wa.ter in solitl, liquid, and 
gaseous siati^s. Uiuler what conditions are these s^veial stiles assumed by 
water? <l886) 

3. Wlial chemical elements are found in pure water ? What is llie nature oE 
those eletneats? In what proportloTi do they exist in water, and in what wajr 
may these elements be made lo combiue? (1SS4) 

4. Under what conditiaos may ice be formed nt tha bottom of a piece of 
water? (1S84I 

5. What sbeniical elements ore present in watei? How can water be wpa- 
raicd into its elements, and liuw can these cleinenta be made t-o re-unito ta 
form water? (18S1) 

6. Why does ice usually form on the sulfate of water, aud under what cir- 
cumstarees is it OKeisionally formed at the boltain of a piece of wnter? (1881) 

7. What is meaal by the ' water of crystallisation of a Eubstanee ? Mame 
compound which chanj;es in colour as it loses ita water of crystallisation. 

S. How would yoa separate suspended noatter and dissolved matter from 
-a(er ? 

ij. Wha.1 is meant by Ihe latent heats of walei and steam ? 
la. What is the inilutace of dissolved salts and pressure upon llie tempera- 
ture at wbich water boila ? 



METHODS OF MEASURING ANGULAR SPACE 
AND TIME. 

In order to facilitate the study of the astronomical portion o 
Physiography, it is necessary to stale a few elementary g;eometrical 
principles on which the methods of measurement depend. 

A Plane is a Surface such that if any two points be 
taken in it the straight line joining: them lies entirely 
in that surface. — A plane surface therefore means an even or 
lev<;l surface — for example, the top of a billiard table or the side 
of a house; and it is easy to understand that a straight edge would ' 
lie upon such a surface in any direction. If, however, the surface 
be curved in the faintest, there are directions in which the straight 
line will not touch it all along. 

Consider two observers to be ioolting at a particular object,j 
and let imaginary lines join the eye of eadi observer to it and toi 
each other ; by this means an enormous triangle would hei 
formed. Conceive now a sheet of something to pass through] 
these three points and to extend in all directions ; such a sheet] 
wotild be the plane of the triangle, and the only plane that could] 
be described as long as the observers and the object remained inj 
Iheir same positions. Hence, any plane is completely determined) 
when we know three points through which it must pass. InT 
Astronomy such imaginary planes are constantly used for refer-] 
ence, and objects are said to be so much above or below themT 
according; to their position. 

A circle is a plane figure contained by one line, 
which is called the circumference, and is such that alli 
straight lines drawn from a certain point within thej 
figure to the circumference are equal to one another. 

This is generally understood, although we may not express ourj 
idea of a circle in precisely the same language. It need only be 
added that any straight line drawn from the centre to t'Mi 
terence is called a radius a\ ft\e ^vvaX. 
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awTi througli the centre and terminated both ways by the cir- 
umference is called a diameter. The diameter of a circle, 
herefore, is twice the radius. 

If the circumference of any circle be exactly measured, and 
the diameter also, it will be found that the former is 3'i4i59 
times longer than the latter ; hence, if the diameter of a circle be 
iOivn, its circumference may be found by multiplying it by 
g'14159, or, conversely, if the circumference of a circle be 
" nown, the diameter may be found by dividing it by 3-14159, 
'his relation between the diameter and circumference of a circle 
does not terminate in the fifth decimal place as our figures would 
'ndicate,, but has been carried as far as the seven hundred and 
sixtieth decimal without terminating. For most practical purposes, 
however, the relation maybe taVen as 3'i4i6, or, expressed in 
vulgar fractions, 3f, that is 

If it be required to find the circumference of a bicycle wheel 
having a radius of 27 inches, we write — 

The diameter of the wheel =i 27 X 2 = 54 inches. 
Therefore circumference = 54 x y = 169! inches = i2| feet. 
In like manner the circumference of any circle may be found 
if the diameter or radius be given. 

A Sphere or Globe is a solid bounded by a surface, 
every point of which is at the same distance from a 
fixed point in the interior called the centre. — Any sphere 
may be cut in two ways. If the cut be made through the centre 
the sphere is divided into equal parts, and the circular outline 
bounding each of the halves is called a great drcle. All other 
circles on a sphere are called small drdcs. Now it can be 
shown hy g-eometfy that the superficial area of a hemispherical 
dome is twice the area of the great circle on which it rests, 
hence ihe area of a sphere, which may be looked upon as 
two domes stuck together, is four times (he area of the central 
section, so that if we cut an orange in half and find that 
the area of the circular |>ortion is 8 square inches, then 
the area of the whole orange peel is 4 times 8 = 32 square 
inches. 

An Ellipse is a plane figure such that the sum of the 
distances from any point on the circumference to- two 
points within, called the foci of the ellipse, is always the 

same. — To conslruct an ellipse fix two pins in a drfiwing Lo.ird 
ami tie a loop of thread somewhat longer than the distance 
between them; place the loop on ihe pins and stielcb it by 
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means of a pencil. By keeping the pencil in the loop and 
moving it round, an ouUine may be drawn similar to that shown 
in Fig, 36. 




Fig. 36. CoDsUucttoQ or an Ellipse. 



It is evident from the method of construction that ttie distance 
from one of the pins to the other pin around the pencil is alwaj'S 
the same — in fact, that the figure satisfies the above definition. 
The point occupied by each of the pins used in the construction 
is a focus of the ellipse formed. The longest ind the shortest 
distances across an ellipse are called respectively the tiiajior and the 
t/iinor axes. The two axes are therefore always at right angles to 
one another, and the point where they cut is called the centre of 
the ellipse. 

The Eccentricity of an Ellipse is the distance from the 
centre of the ellipse to either of the foci divided by the 
length of the semi-major axis. Thus if the greatest dis- 
tance from the cenUe to the circumference of an ellipse were 
3 inches, and that from the centre to the focus 2 inches, the 
eccentricity would be ^, or, conversely, if the eccentricity of an 
ellipse be said to be -25, this means that Che distance between the 
centre and the focus is "25, or J the length of the semi-major 
axis. The smaller the eccentricity of an ellipse the more theellipse 
approaches the form of a circle — in fact, a circle may be looked 
upon as an ellipse in Avhich the centre and the foci coincide, 
Hiat Is, an ellipse of no eccentricity. 

Measurement of Angles.— In order to measure linear 
distances some line must be fixed upon as the standard. In 
England the unit of length is a foot, in France it is a metre, 
which is equal to about 3^^^ English feet. We cannot, however, 
speak of angles as being so many feet or incSies long or wide, but 
must use some angle as the tmit, and rcftrall others to it ; so that 
the measure of any angle is the rvximbcr "^s. twAawjs. * 
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unit angle. Now, all units should be invariable, and it is gener- 
ally known that a riyht angle is invariable. Tlie dsfinitioii given 
by Euclid is, ' When a straight line standing on another straight 
line makes the adjacent angles eqnnl to one another, each of the 
angles is called a right angle.' The straight line ivliich stauclg on 
the other is called a perpendicular to it (Fig, 37). Thus the unit 

of angular measurement could 
be a riglit angle, but it posses- 
ses the disadvantage of being 
inconveniently large, so it is 
divided into go equal parts, 
each of which is called a 
degree; these again are divided 
into 60 equal parts called 
minutes, and the minutes are 
also divided into Go erjual parts 
37- "'yiii Angles. called seconds. A right angle 

therefore contains 90 degrees, 
or 5,400 minutes, or 324,000 seconds, It is convenient not to 
have to write the words degree, minute, and second, so the 
symbols and are used to express them— thus twenty 

degrees, thirty minutes, six seconds is ftritten 30°, 30', 6"- 

A Degree in ang-ular measurement is A of a right 
angle, and since all the angles made by any number of 
straight lines meeting at one point are together equal 
^^to four right angles, the circumference of all circles 
^^may be considered to contain 360 degrees.— Let two 
^ diameters of .1 circle be drawn at rigiit angles to one another, 
then it will be seen that four right angles are encircled by 
the circumference, and that if each of them be divided into 
90 equal parts the whole circumference will be divided into 360 
equal parts, (I'ig. 38.) The size of the circle is immaterial; if 
it be divided into 360 equal parts, each of the |mrts will leprC' 
sent one degree. Take a pair of compasses the legs of which 
are close together — there is, therefore, no angle contained 
between them ; when opened to the fullest extent the angle is 
180", and when one leg is perjiendicular to the other the 
nchided angle is 90°, Now, if we took a pair of compasses, 
and, looking along the legs from the centre, could so delicately 
open them that one leg pointed to one edge of the moon and the 
Other leg to the opposite edge, we should find that the angle 
henveen the iegs would be about half a degree ; and if it were 
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possible to make a similar experiment with tlie sun we should 
find the angle to be 33 iiilraules. that is, a liltle more than 
half a degree. Hence in angular measurement the diameter of 
the sun and moon is about ihe same, although the former is 
incomparably larger than the latter. This is because the niODu is 




Fig, 38. All lirijk^ CDiiUin 360 degrees. 



much nearer to the earth than the sun. A pair of compasses 
would not permit these small angles to be measured, but with 
delicate instruments, specially constructed for such observations, 
the determination becomes comparatively easy. 

The co ordinates of a 
Point. — If we obseneJ a 
particular brick in a wall, and 
wished to point out in "writing 
which brick it was, we have 
learni from conmon evjieri- 
ence that it is necessary to 
say not only what is the 
height of the brit^k in the wall, 
but what is its distance from 
some known point in a hori- 
zontal direction. (Fig. 39.) "F^fe- Ob-wtotaXes^A.-i^aw*- 
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Any point in the wall is at once identified if its vertical and 
horizontal distance be known, and the two distances are Cfilled 
the coordinates of that particular point. In like manner the 
position of s. poitlt Otl the eaith is determined by co-ordinates 
called latitude and longitude, with the difference that they are 
measured in degrees, minutes, and seconds instead of yards, feet, 
or inches. 

The position of a star or other heavenly body at any time 
may be stated by co-ordinates tenned azimuth and altitude. 

The visible Horizon is the boundary line where the 
sky appears to meet earth or sea.^At sea it is possible to 
trace the circle of the Iwizon completely round, but on land the 
view is usually broken by houses, hills, or trees. We determine 
whether a surface is horizontal, that is, parallel to the horizon^ or 
not by means of a spirit level. 

The Zenith is the point of 
the sky exactly overhead.— 

If we attach a ball to a piece of 
threaa, and suspend it, the thread 
takes up a definite position ; in 
common language, it hangs straight 
down. The point where such a 
plumb-line would pierce the sky, if 
it could be extended upward far 
enough, is the Zenith. And the 
point where it would pierce the sky 
if produced in the opposite direction, 
that is, the point of the sky directly 
under foot, is the Nadir. The angular 
distance from Ihe horiEon to the 
zenith ot the nadir is 90°, (Fig. 40), 
Altitude is angular distance 
above the horizon. — The altitude 

of the lenith is thus 90°; or we 
may say the Zemi/s-duttintf of the 
horizon is 90". As the altitude of an 
object increases, the zenith-distance 
decreases; thus, an altitude of 40" is equivalent (0 a zenith- 
distance of 50°. and an altitude of 60° is the same as a 
zenith-distance of 30". In all cases the zenith-distance of an 
object added to its altitude is equal to 90°. The one is the 
•compleaieBt ' oS the other. 




Fig, 40. 



N.W.S.E. ia the horizoTi, 
Z b ilie Zenith, ti, the 
Nadir. P and P' are ihe 
points whnro Ihe earth's mis 
produced cuts the he.ivena— 
the cclEslIal poles— and e 
E. e'W. \s the celeslial equB- 
lor. It will iw seen that the 
celestial equator is about 38° 
above the horizon. 'I'liis is 
its imsiliojj fcr the latitude 
of London. 
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Fig. 41. 
Measurcmect r>f azimuth 
and amplitude. 



Azimuth is angular distance from 
south points of the horizon,— 

An object half way between the 
true south and west points of 
the horizon, that is, having a south- 
west (S.W.) 'bearing' or 'direction,' 
has an azimuth of 45". In like 
manner the azimuth of any body may 
be expressed as so many degrees east 
or west of north or south. AitifU- 
<tde sfgnifies measurements from the 
sst or west points, so that amplitude 
' -\- azimuth = 90°, It is expressed as 
t SO many degrees north or south of 
^keast or west. (Fig. 41.) 

How the place of a celestial object may be defiaed 
^B>y the co-ordinates altitude and azimuth.— If we look 

the sky on any fine night, several stars will generally be seen 
situated at the same height above the horizon, that is, having the 
^-Sanie altitude. The place of a particular star, therefore, is not suffi- 
^^Etently defined If we only know its altitude. If a line be imagined 
^Hrawn from the zenith through a star to the horizon, the ;irc inter- 
PP«ected between the south point and the point where the line touches 
• the horizon is the azimuth of that star. If, therefore, we know the 
altitude of a star, we know how high above the horizon, we have to 
look for tt, and if we know its azimuth we know in what direction 
to look. For example, to find a star whose altitude is 45°, and 
aiimuth So" E. of S., we must face toflxirds the point two-thirds of 
the distance between south and east, E,S.E.,and look up half way 
between the horizon and zenith. An instrunnent for determining 
the altitude and azimuth of a body is shown in Fig, 42. The 
determination of the exact positions of stars depends upon our 
capability of accurately measuring; angles. In the time of 
Hipparclius (150 u-c) the place of a star could be determined 
to within about a third of a degree. Tycho Brahrf, who lived in 
the seventeenth century, determined altitudes and azimuths within 
a quarter of a degree. Since then several improvements have 
been made in our methods of pointing, and now it is possible to 
measure the angular distances of a heavenly body with a pro- 
bable error of only one thousandth of a second of arc. This 
sccuracy has been partly attained by means of mechanical con- 
trivances, and partly by the introduction of the teleswu^ft. 
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Fig. 4a. InstnimenL for delcrniiniiig Altitude and Azimulh. 

Tlic levelling screws at (he base are nsed to set the instnimenl ligrizonta]. 
Tlie nhiluile (if tiny object to uhieh the lelespope is riirecieii is given hy (he 
verliinl ilhi'lfd circ-le, and its tudmiith in indicated on liie lioripontal circle. 
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The properties of lenses On which the construction 
of the simple telescope depends.— Get a spectacle glass 
used by a lonij-sighied person; it will te found to be thicker 
in the middle than at the edges, and is known as a double 
convex lens. Fix the lens so that the light of a candle 
falls on one of its faces. If a screen of paper is held on the 
other side of the lens an imiige of the candle upside down 
will be received upon it, which will be most sharp and defined, 
that is, in focus, when the paper screen is at a certain 
distance frgra the lens, On moving the candle away from the 
lens its focussed image advances towards the lens and gets 
smaller. The same observations coald be made with a plano- 
convex lens, that is, a lens having one face flat and the other 
convex. If instead of the candle wg use for our luminous object 
any distant body, such as the sun or moon, the focus obtained is 
termed Che principal focus. The distance from the lens to the 
image, in such a case, is the foeal length of the lens. In general 
we may say that the more convex a lens ia the shorter is its princlpa;! 
focal length. When a schoolboy uses a burning-glass to concen- 
trate the sun's rays on a bit of paper be puts the paper in the 
principal focus of the lens sg as to get the best eflect. In such a 

case all the rays of light 
which fall Upon the lens are 
parallel, and are concentra- 
ted to a point. (Fig. 43.) 
We may say, therefore, that 
the principal focus of a lens 
is the focus of parallel rays. 
The principal focus of a 
convex spectacle lens may 
be distant several feet from 




FOCUS 



rig. 43. 

The principal focua of a lens^ 



the lens. When a lens is placed at a less distance from an 
object than its principal focus, the rays of light diverge and 
form an upright magnified image on the same side of the 
lens as the object. The magnifying property of a convex 
lens depends upon this fact. We have now shown that a 
lens will give an image of an object which can be caught 
upon a screen and has therefore a real existence, and is also 
capable of magnifying an object by forming an unreal or virtual 
image of it, that is, an image whicii cannot be caught upon a 
screen. The construction of the simple telescope depends upon 
these two facts. All tliat 13 requ,ir&d vs a.\«vv caSiti'iSv <^'^s3s' 
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glass, to give sti image, and an eye-piece of much less focal length 
to magnify it. Tlie paths of the rays are such that the magnified 
image of the object observed is upside down. The telescope 
used by Galileo, at an opera-glass, or the smalt telescopes which 
may te bought in any toy-shop, do not invert the objects 
observed. They consist of a convex object-glass to form the 
real image and a concave lens, that is, a lens thinner in the 
middle than at the edges, for an eye-piece. 

Chromatic Aberration. — If a beam of light fall upon one 
face of a glass prism it emerges on the opposite face bent towards 
the base of the prism, and is broken up into the colours of the 




Pis- 44- ^'liea a beam of ordiaary white light passes through a, piis m (P)) 
it is- broken up intci a. strip conlaioiog all the colours pf the rainbow, 
from red (R) to yialet (V). 



rainbow. (Fig. 44.) If two prisms are placed with their bases 
together, and two beams of light be caused to fell upon them, 
both beams are deviated towards the middle of the combination. 
(Fig. 45.) It wil3 be seen that the blue colour is nearer the 
prisms than the red. A convex lens may be considered as made 
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■Up of two prisms with their bases togelher, as in the above 
example, and a concave lens is similar to two prisms, arranged so 
that the apex of one touches thai of the other. When, therefore, 
a burniijg-glass bends the light of the candle or sun to form a 
small image, it also decomposes the light into its component 
colours. The result is that the focal length of a lens is less for 
the blue part of the spectrum than for the red. On a. screen 



wH\j(. Light 



BEAM OF 

WHITE LIGHT 




'Fig. 45. Deviation a.Qd disperiion of beams of ligbt bj two piisma. 

placed at the distance from the lens at which the blue is in focus 
the sun's image appears surrounded bv a faint red halo, and if the 
screen be placed at the position of the red focus, the sun's image 
appears surrounded with a faint blue fringe. At any intermediate 
position the screen can only be in focus for one colour, and every 
other colour will form a blurred image upon it. It is thus impos- 
sible to get a colourless image of an object with a simple convex 
lens. This phenomenon is termed ckromatic aberration. 

An Achromatic Lens.— If a beam of light fall upon a prism 
of flint glass, and one of crown glass of the same size, the 
distance from the red to the blue part of the spectrum will be 
found greater in the former than in the latter case. In other 
words, the dispersive power of Hint glass upon light is fn'eater than 
that of crown glass. A convex lens be nds light towards its centre, 
a concave lens towards its edge. The dispersions of convex and 
concave lenses are also in opposite directions. By combining a 
cottcave lens of tiint glass with a crown glass convex lens having 
a greater deviating power, it is posiibie to get rid of the 
dispersive eifecis of the lenses and yet retain the necessary 
deviation. We thus get rid of the colovited ^mi^^e,^ At'lRxx-eiv^si'"*. 
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the preceding section, and form an nchromatic Uns. It is 
also necessary to have achromatic eye-pieces in good tele- 
scopes, microscopes^ and othtr optical instruments. This can be 
obtained by arranging two lenses nt a distance from each other 
equal to half the sum of their fouU lengths; ihus, an ai;hromatic 
eye-piece may be formed by fising a lens of two inches focal 
length at a distance of one and a half inches from a lens having 
a focal length of one inch. 
An Achromatic Astronomical 'Telescope. — All the 

optical principles given in the last few sections are utilised 
in the conatruction of an achromatic astronomical telescope. 
The object-glass is lormed of tw-o lenses, a convex one of 




Fig. 46. Section of an AchToinatic Astronomical Telescope, 
O, an achtomalif object-glass; F, the field lens ; E, the eje lens ; E and F 
fonii the atliTcjina.lic eye-pieee. 



crown glass, and a concave one of flint glass. This com- 
bination actii as a single convex lens of long focal length, and 
produces an inverted real image of an object at its focus. In 
order to magnify the imat^e a convex lens may be used, o-r a 
cojnpouad achromatic one. [iig. 46.) In either case the object 
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observed appears upside down, but for astronomical observations 
this is of no consequence. The tube of the telescope serves to 
keep out extraneous light and fix the lenses at their proper dis- 
tance apart. 

The Meridian of any place on the surface of the earth 
is the line which passes from the North Pole to the 
South Pole through that place.— Every morning the sun 
rises in the east, gets higher and liigher in the sky, and at noon 
reaches its highest point, then it begii5$ to sink towards the west^ 
and finally disappears beneath the western horizon. In our 
hemisphere when the sun reaches its highest point it is exactly 
in the south ; indeed, it is said to ' south," and the shadows of 
all objects liave then a true north and 
south direction. Hence, to set out a 
north and south line by means of the 
sun, & rod should be stuck in the 




--— -. ]|£;^:.^-i^M ground, and a line drawn in the direc- 
^^^z^^^^^^^^XZ 'Eion of its shortest shadow on any day, 
~" Another way is to draw a line in the 

trnc north and south. before mid-day, and another line when 
the shadow has the same length in 
the afternoon, (Fig. 47.) The line bisecting the angle between 
these two lines points to the North and South Poles of 
the earth, so that if the extremities of such a line could be pro- 
duced far enough they would pass through the poles. We call 
this line a miridian. A peeled orange represents a globe having 
about ten meridians marked upon it. 

TTie Transit Instrument. — When an object crosses the 
north and south line, or meridian, it is said to pass the meridian, 
or, shortly, to tmmit. The observations of the times' at which 
the heavenly bodies transit are of fundamental importance in the 
measurement of time. The interval of time which elapses 
between two successive southings or transits of the sun is called 
a solay day, and is divided into 24 hours. We shall see later on 
that this interral varies throughout the year. The stars can also 
he observed to rise in the east, to transit when they reach their 
highest point, and to set in the west; and if a star be observed to 
transit one night and to transit again ihe foKowing night, the 
interval of time that elapses between these successive transits is 
called a sidereal or star day, and is 23 hou.cs, 
4 seconds long. This interval is aV-wajB Vt\a s.^a.-tn.*;. caji-iKs. 
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of Che difference of time between the solar and sidereal day are 
given. in Chapter VIII. 

An instiument for making transit observations is shown in 
Fig, 48. It simply consists of a telescope attached to an axJe 
which turns on U- or V-shaped bearings. These bearings are 
made exactly horizontal by means of a spirit-level of sufficient 
length to stride from one bearing to the other. The axis has also 

to be adjusted so that it points East 
and West,, in which case the tele- 
scope will point true North and 
South, On looking through the 
instrument several vertical wires 
will be seen, and one horizontal one. 
The central vertical wire should 
intersect with the axis of the tele- 
scope, and therefore represent the 
exact position of the meridian. If 
the adjustments have been correctly 
made, the interval of time between 
two successive transits of the same 
star will be exactly 23 hours, 56 
Tuinutes, 4 seconds. It follows, 
therefore, that if we know at what 
time a particular star or other 
celestial object ought to pass our 
meridian, and we observe the time 
Fir. 48. ATRwatlnstninient. ^t wliich the body actually does 

transit, we have a means of correc- 
ting or regulating oiir clocks and watches with the greatest 
precision. A rough arrangement for observing transits may 
he made' by fixing a thin rod or sight in a true North and 
South line, and suspending a weight by a thread at a short 
distance in front of it in the same direction. Ey looking along 
the sight stars can be observed to pass behind tlie wire, that is, 
to transit. 

The Petldulum. — Make a simple pendulum by attaching a 
bullet or a piece of lead to a thread. Suspend the pendulum and 
show that the time required to make, say, 25 large oscillations is the 
same as the time required to make the same number of small ones. 
Now shorten the length of the thread. The pendulunn oscillates 
faster ; and it can be proved that the time of oscillation is proper- 
b'ofial to the square root of the length of the pendulum, whatever 
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weight or whatever substance is used for the pendulum bob. 
Hence, in order to double or treble ibe llnne oF oscillation, the 
length of the pendulum must be increased fotir or nine times. 
If the distance from the point of suspension to the centre of the . 
bob is 39"i39 inches, the pendulum will swing, ai Greenwich, from 
right Co left or left to right in. one second. We say at Greenwich, 
because observations show that the length of the seconds pendulum 
differs in diiferetit places, The reason of this will be understood 
if it be retnembered that the intensity of gravity, which causes a 
pendulum to swing, varies over the surface of the earth, and is 
greatest at the poles and least at the equator. 
To sum up thes€ laws, we have : 

(i.) The time of oscillation of a pendulum is independent 
of the extent of swing. 

(2.) The time of oscillation is independeiat of the weigrht 
or nature of the pendulum bob. 

(3.) The time of oscillation is proportional to the square 
root of the length of the pendulum, 

(4.) The time of oscillation of a given pendulum decreases 
in passing from the equator to the poles. 
Clocks and watches are mechanical arrangements for measuring 
the flow of time. Some source of energy, such as a suspended 
weight or a wotand-up spring, gives motion, to a pendulum or a 
balance wheel, which motion, by a proper train of wheels and 
cogs., is communicated to the hands of the clock or watch. The 
motion of the hands is so regulated that the interval of time 
which we call an hour, indicated by thenij is a twenty- fourth paiC 
of the a.veragc length of the day. 

Suti-Dials. — ^The changing direction of the shadows of all 
objects as the sun crosses the sky is so manifest a phenomenon 
that the method of measuring time by means of the sun-dial is of 
great antiquity. The principal parts of a sun-dial are aprojecting 
rod parallel to the earth's axis and called a sty^e, and a plate of 
some kind called a dial to receive its shadow (jig. 45). When 
the sun rises in the east the shadow falls to the west; with the 
movement of our luminary to the south the shadow passes towards 
the north, reaches its shortest length, and is due north at mid-day 
when the sun is highest. It then passes eastward until sunset. 
At night the position of the stars relative to objects on Ciie earth 
may be roughly used for the same purpose. Thus, by properly 
marking lines on the dial-plate, the direction, "Owe- «A -ii^ 

style ma^ be used to indicate the time ol ia-'j. Swice. 
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must be parallel to the earth's axis, that is, must point in one 
direction to the norlli celestial pole, the position of which is 
approximately indicated by the pole star, the angle which it makes 
with the dial depends upon the latitude. In the case of a 
horizontal sun-dial the angle which the style makes with the dial 
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To face the North, To (ace the South. 

Fig. 49, Sun Dials. 

should be equal to the latitude of the place where it is used ; 
hence, in London the inclination Is 51^°. At the poles, 
therefore, the style would have to be perpendicular to the dial 
The inclination of the Style in vertical sun-dials is equal to the 
latitude of the place of observation subtracted fiom 90°, Thus, 
in London the inclination is 90" — 51^", that is 3,8^°. 



QUESTIONS ON CHAPTER V. 

I. Describe shortly th« constiviction «f aa achromatic astioaoi'nical tclcacope 
(18891. 

1. Describe the construction and use of the transit instmment. 
2 Define irtif'rij nai/i'r, aMtinit, aslmulh, and a^ipUttiJc, 

4. Explain the meamiig cf the followicf terms used in coBneclion wilh 
lenses ■.—prinnpal feCM, /Kal ieagth, real and virttiai images, (Aromatic 
abbfTratim. 

5. Stale tlie cifCOiMStances wliith affsct the time of oscillation of a pendulum, 

6. Hair fvoald yoM coostroct a sundial aLd use it for the meaauremei^t tjt 
time f 
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CHAPTER VI. 



THE EARTH AND ITS MOVEMENTS. 

The first opinion held by primitive mankind with respect to the 
form of Che surface of the earth was that it was flat. More 
critica.1 glances at natural phenomena, howe^^er, soon demon- 
strated that this was not the case, and that the earth is glohular 
in form, indeed we find tiiat this fact was taught by Thales six 
hundred years before the conimentement of our era, That the 
earth is not flat is proved by the following s!m[j!e facts 

(I) The highest points of approaching: objects are 
the first to become visible, and, in the case of 
receding objects, the last to sink beneath the horizon. — 

This fiict may be gathered from observations of vessels 
approaching to, and receding from, any sea shore. To an 
observer on the margin of the sea, a ship approaching the shore 
appears to rise out of the water. In the distance only the top- 
masts are seen, then the rigging becomes visible, and lastly the 
hull. If the ship is moving away from the sliore, first the hull 
disappears, and the vessel is said to be 'hull down,' then the 




Fig. 501 Apparent rising of a ship nbove ttie horizon caused by ihe 
curvature of the catth's surface. 

rigging sinlcs out of sight, and finally, by means of a telescope, 
the highest parts of the masts can be observed slowly to sink 
beneath the horizon. Such appearances as these could evidently 
not happen if Ihe surface of the earth were flat and the dis- 
appearances were due to an in.crea'S.& &?>\.'a.'aii^, '<toR,-Q. "vs-a. 



no 
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tlun masts would be the first to fade out of sight, and the thick 
hull would remain visible for the longest time. It is evident, 
however, that these phenomena would occur precisely as described 
if the surface of the earth be carved. (Fig, 50.) Similarlj, 
when a ship approaches the shore, an ohserver on it first sees the 
mountain-tops, then the hills, and, linally, the lo-w ground appears. 
But ihis does not prove that the earth is globular like an orange, 
for if the earth were egg-siiaped the above-described phenomena 
could be observed. 

(2) If three poles of exactly the same height be 
placed in a line, the middle one always appears higher 
than the two outer ones. — Let three poles be fixed 
in line with their tops cut off at exactly the same height 
above some level surface, such as the surface of a canal. 
Then if a telescope is sighted along the first to the third 
pole, Ihe top of the middle pole will appear above the line 
joining the tops of the two outer ones. The cause of this is the 
curvature of the earth's surface, and if the experiment could be 
repeated in various parts of the earth, and it was found that the 
curvature was everywhere ihe same, thfs would prove that the 
earth's form is globular, and an approximate determination of its 
size could be obtained. It is found that the middle pole rises 
eight inches above the line joining the two outer ones when the 
distance between each pole is a mile ; and it can be easily proved 
that in order to describe a circle having a cufvature of eight 
inches in a mile the two ends of a pair of compasses would require 
to be separated by 3,960 miles. This, then, is the length of the 
radius of the earth, and the diameter is therefore, approximately, 
7,930 miles. 

Circumnavigation in an easterly and westerly 
direction does not prove the earth to be globular, — 

In A,D. 1519 the Portuguese Fernando de ^^agelhaens, sUrting 
from Seville, in Spain, sailed through the Straits at the end of South 
America, named after him, to the Pacific archipelago, and thence 
his ship returned round the Cape of Good Hope to S])ain. Since 
then the earth has been circumnavigated a great many times, and 
it is a common occurrence for a ship to leave Ergland and by 
Steering westward all thevo)nge to arrive in England again without 
retracing an inch of her way. Simllarl)'. we can journey round 
the globe, sometimes travellingon land snd sometimes on the sea, 
but eventually return to the starting point without atoll turning back 
on our course. This would appear lo be a certain proof that the 
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earth's surface is curved, nevertheless it has been pointed out that' 
circumnavigation would be possible if the earth had a flat surface 
with the north mag- 




aC Its 



netic pole 
centre. A cornpass 
needle would then 
always point to the 
centre of the surface, 
and SO' a ship might 
sail due east or west, 
as indicated the 
compass, and even- 
tually return to the 
same point by descri- 
bing a circle (Fig. 5 1). 
^V"e will now state some facts which prove that the form of the 
eartli is approximately globular or spherical like a ball. 

(i) The area embraced by the horizon is always 

circular, — If a person stand on a vast plain, or on the deck of a 
ship at seaj the plain or the sea is seen to extend until earth and 
sky appear to meet in a line ; this line Umits the vision in every 
direction, and is called his horizon. Now it is found that whether 
observations be made from the deck or the mast head of a ship, the 



3^' rrnri-f Ihst circumiiavijjatJon would 
he postible if tlie eartli were llat. 




Fig. 52. Tncrease of ihe distance of iho visible hotizon with increase of 
height iibove sea-level. 

plain Stretched out beneath appears bounded by a circular outline, 
with only thisdiflerence, that the greater the height above the surface 
the larger the ci rcle appears. An ordinary observer, whose eyes 
are six feet above sea level, has his horizon three miles off, at ten 
and a half feet this is extended to font tqvWs, ^.\\4\t»c^'Ca'^.^»'^ 
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A lighthouse nitie^-six f«et high the hofi^on line is twelve miles 
off. But the line is always a, circle, and this is a proof positive that 
the earth is globular in shape, for a globe is the only body which 
viewed from any point outside gives a circular outline (Feg. 5a). 
As an illustration of this fact, the case of a 11/, or any small 
insect, on or above the suiHice of an orange might be mentioned, 
The fly's vision will always be bounded by a circle of which it is the 
centre, For the reason that a circle can only have one centre, every 
person must have his own horijon — that is, must be the centre 
of a circular area extending round him on all sides, which area 
he, so to speak, carries with him wherever he goes. In general, 
however, an obser\'er is not so situated as to be able to see the 
hori7.oii ill every direction. 

(2) The shadow of the earthy as seen upon the 
moon during- a lunar eclipse, is always circular. — 

It occasiotialiy happtns that at the time of full njoon part or 
the whole of its disc becomes obscured. A dark shadow, having 
a circular outline, first appears on the eastern edge, slowly passes 
over, sometimes blotting^ out entirely the light of our satellite, and 
then leaves at the western edge. These appearances are called 
eclipses of the raoon. The fact that sucli eclipses always occur 
at full moon was early noticed, and the idea that the cause of an 
echpse was the raoon passing into a shadow cast by the earth 
suggested itself, and was understood by the earliest observers. 
Now whenever these eclipses occur, the earth's shadow always 
appears circular, which demonstrates conclusively that the earth 
is a globe, for this is the only shape which will always throw such 
a shadow. 

It is now necessary to give a few definitions and general con- 
siderations relating to the determination of the esact size and 
shape of the earth. 

The North and South Geographical Poles are the 
extremities of the earth's shortest diameter or axis.— 
We have seen from the foregoing that the general form of the 
earth is globular. It is not, however, a perfect globe, but resembles 
an orange inasmuch as it is somewhat flattened at the top and 
bottotirt, and hetice there is one diameter which is shorteE than 
any other. The imaginary line passing through the earth's 
centre and piercing the flattened regions — that is, the earth's 
shoe test diameter — is called the Axis, and the extremities 
of the line are called respectively the North and South 
G^a_^aj'Mral J'des. 
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The Celestial Poles are the points where the earth's 
axis produced meets the heavens.— Imagine the earth 
floating in space, and ourselves I'iewing it a few million 
miles away. Let the axis be produced until it meets the 
heavens. TRe points where this axis, produced both ways, 
appears to cut the heavens are called the North and Scuih Celestial 
Fdes, Near the point where the norlhern extremity of (he axis 
meets the sky, there happens at the present time to be a bright 
star, which is therefore known as the Pole Star ; that is to say, an 




POLE STAR • 




f 'B' S3- The conatellalion of the Plaugh used to find tha Pole Star 
or North Stat. 

observer at the north pole would see the pole star right overhead. 
No bright star, however, marks the position of the south ceJesttal 
pole. 

The conspicuous group of stars shown in Fig. 53 is familiar to 
most people. Two stars of the group, called the Pointers, are 
almost in a line with the Pole star. It is a mistake to sujj^y^sysi 
that this star is always due north, T\\e uorftY eAe.^fo'iv '■'^ 
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north point in the heavens, and a telescope pointed towards this 
fwint has a. true north and south direction. But the Pole star 
describes a small circle around the celestial pole. It is only due 
north twice in twenty-four hours, when it is exactly above or 
below the celestial poie. At other times it is something less than 
ij" east or west of true nortli. (Sie Answers at end of book.) 

The Celestial and the Geographical Equators are 
great circles half way between the two poles, and there' 

fore 90^ from each.- — In other words, the eartlis equator is an 
imaginary iine running around the earth, midway between the north 
and south poles ; hence, any place which is at the same distance 
froni the north pole as it is from the south pole is on the equator. 
Similarly, the Celestial Equator is the great circle equi-distant 
from the north and south celestial poles, and hence a star exactly 
overhead to an ohserver on the earth's equator is on the celestial 
equator. Our globe and the lieavens are thus divided into livo 
portions by the equator, one portion containing the north pole, 
and the Other portioti containing che south pole. These two 
hahes of a globe are thererore respectively called the northern 
and the southern hemisphere. 

Geographical Latitude is angular distance North or 
South of the earth's equator.— Circles are conceived 
to be drawn around the earth parallel to the equator^ and 
since the distance Trom the equator to either pole is a quarter 
of a circle or 90'', ninety of these parallels may be supposed 
tn be rlrawn upon the northern and ninety upon the southern 
hemisphere* Such circular lines are called parallels of latitudr, 
and are counted northward or southward from the equator 
to the poles ; thus, a place on the equator is in latitude 
o"", abbreviated, !at. o", London is in 51^° northern latitude, or 
lat. 51^° N., and the latitudes of the poles are respectively 90" 
North and 90° South. We thus speak of places as being in 
high latitudes when they are situated near either pole, and in loic 
latitudes when they are near the equator, fiilervening places are 
said to be in middle lotitudes. 

Declination is angular distance North or South of 

the celestial equator. — The heavens, like the earth, are 
conceived to be traversed by lines drawn parnllel to the celestial 
equator. But they are called J'arallels 0/ Dedinaliun. All stars 
exactly over the earth's equator, that is, on the celestial equator, 
are in declination 0°, all stars south of the celestial equator are 
in south dec}ination, and stars north of it have north declination. 



THE EARTH AND ITS MOVEMENTS. lig 

The declination of the Pole star at the present time is about 
881" North, that is, li^from the north celestial pole. 

The Latitude of any place is equal to the altitude 
of the celestial pole at that place.— We have seen that 
the visible horizon only extends a few miles from an observer 
on the earth's surface. Now consider what an observer at 
the north pole sees of the heavens: the pole star wiU te 
neatly vertically overhead, that is, almost in the zenith, and 
but for the fact that the faint ]ight of stars is blotted out by our 
atmosphere he would see all the stars in the northern hemisphere. 
Roughly speaking, half the stars in the heavens could be ob- 
served at one time, and the stars on the celestial equator ^YOuld 
just be visible ivhere earth and sky appear to meet. It would 
appear at first sight that since on observer at either pole can 
see half the celestial sphere he oufjht to be able to see half the 
surface of the earth. We know, however, that this is not the 
case ; and the reason why so much of the celestial sphere is seen 
is because th« earth is but a point when compared with the im- 
mensity of space. If obser\'ationg be made at the equator, the 
pole star appears on the horizon, as is made manifest in Fig. 54. 




Fig. 54. Increase ot the altitude uf the Pole Star with inoeass of 
distance (rum tlic ct\JifiJJ5(- 



ELEMENTARY PHYSfOORAPHV, 



That is to say, an observer in latitude o° sees the pole star on 
his hoiizon, and, since the altitude of a body means its height 
above the horizon, a point on the horizon has an aCtilude of o". 
Let the observer travel in a direct line towards the north pole; 
thfl pole star would appear to rise above the horizon until, when 
the north geographical pole was reached, it would appear over- 
head — that is, to an observer in latitude 50" the pole star has an 
altitude of nearly 90°, hence in moving from latitude 0° to 
latitude 50" (he pole star also moves from an altitude o" to an 
altitude of nearly 90", half way between the equator and the 
north pole, that is, in latitude 45° the pole star would appear to 
have an altitude of 45°, and SO on for any Other point. Thus we 
arrive at the important law that the altitude of the po!e seen from 
any place on the earth's surface is equal to the latitude of that 
place. It is by the use of this law that travellers on sea or land 
can determine the latitude they are in simply by an observation 
of the pole star. Since, however, this star is not visible south of 
the equator, nor in the daytime, it is more convenient to use the 
sun for the purpose of determinint,r latitude. 

The Length of a Degree of Latitude is the distance 
which it is necessary to travel in a north and south 
line, in order to produce a difference of i" in the 
altitlide of the pole.— It now remains to show how by 
the application of the foregoing principles the exact size and 
sliape of the earth have been determined. Let an observer 
at the equator, after nolimg the pole star on the horizon, 
travel in a direct north and south line until it has risen 1° 
above the horizon, that is, until the altitude of the star is 1°, 
and let the distance necessary to make this difference of 
1° in altitude be measured. Similarly, the distance necessary 
to travel in order to produce a difference of 1° in the altitude 
of the pole might be measured at any point. Now it is found 
that anywhere on the earth's surface the distance necessary to 
travel in a direct north and south line, to produce a difference 
of 1" in the altitude of the pole, is nearly the same, and there- 
foTd the earth must be nearly spherical in a north and south 
direction. If it ivere cylindrical in shape then the lines drawn 
from any point on the curved surface to a star would all be 
parallel, and hence there could be no alteration in the altitude 
of a Stat as an obsen-er travelled up and down the cylinder. 
From accurate measurements reiade in different parts pf the 
eartJj, and from obsei-vations of the change in altitude of the 
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celestial pole, it has been found that the a-verage distance 
required lo travel is about 69 miles; this then is the average 
length of a degree on the earth's surface, and since there are ^60° 
in every circle, the circumference of the earth in a north and 
south direction is 69 x 360, or 34,84.0 mites, and its diameter is 
therefore about 7,904 mires. These estimations of the lengths 
of degrees of latitude are called measurements of arss ef meridian, 
because they are made in a true north and south line, or in the 
meridian. 

Decrees of Latitude increase in lengi:h in passing 
from the equator to the poles. — Accurate determinations 
have shown that the length of a degree of latitude is greatest at 
the poles, and diminishes as the equator is approached. 
The following table gives the length of a degree in different 



latitudes ; — 








LalituiJe. 


Length of one 

degree. 
. 68 69 miles 


latitude. 


Length of ona 

degree. 
69-10 miles 


0' . . 


SO*" ... . 


to . . 


. . 68-70 „ 


So .... 


69-21 „ 


zo . , 


. . 68-77 » 


TO .... 


69'32 .1 


30 • • 


. . 68*88 „ 


80 .... 


69-38 » 


40 . . 


. . 69-00 „ 


90 .... 


*9"39 >• 


45 ■ ■ 


. . fig'os 






If the earth 


were a true sphere then the length of 


a degree of 



latitude would always be the same. IE is therefore not exactly 
spherical in form. 

Proof that the earth is an oblate spheroid. — The reason 
for the above slight variation is that the earth is flattened at 
the poles and bulged out at the equator, being very similar in 
shape to an orange, or an oblate spheroid. If the earth 
were flat, then however far we travelled we could never 
change the altitude of the pole, that is, we could never traverse 
a degree of latitude. We might infer, therefore, that the surface 
of the earth is most flat where the degrees of latitude have the 
greatest length, that is, near the poles. Again, a plumb-line 
points in one direction to the earth's centre, and in the other to 
the zenith. At the equator it is necessary to pass over 6S'69 
miles along the same meridian in order to produce a difference of 
one degree in the zenith distance of a star, that is, in order that 
the plumb-lines at the two places may be inclined to each other 
at an angle of one degree. Near the poles it is necessary to 
pass over 69'39 miles to ptoduce the same toi^t "GftSswa.. 
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plumb-lines. The earth's surface is therefore more curved at the 
equator than at the poles (Fig. 55), This being so, the polar 
diameter of the earth, that is, the line joining the north aad 




Pig- 55- Proof that the earth is flntt^ned at the polea. The letutbs at 
A and B meet at C, a. certain distance from the surface. The distance 
DE is equnl to AB, but the angle DFE is !css tban ACB, so F is 
more removcil from, the surface than C, that is, DE is part of a larger 
circle thsD AB. 

south poles, must be shorter tlian a line joining a point on the 
equator through the earth's centre to a. point opposite. The two 
diameters differ in length by about 56 miles, one exact determi- 
nation being as follows : — 

Equatorial diameter 7,926 miles. 

Polar „ 7,900 „ 

The Shape of the Earth can be determined by Pen- 
dulum Observations, — If the earth were a sphere, and all points 
equi-distatit from the centre had the same density, then the force 
of gravity would be the same at all points on its surface But 
observations show that the force of gravity is greater at the poles 
Ihan at the equator by about -fiu*-^ P^^i that is to say, a piece of 
gold which weighs 190 ounces in a spring balance at the equator 
would weigh I'C)! ounces at the poles. The force of gravity causes 
a pendulum to swing. If, therefore, the force were constant all over 
the earth, a pentJulum of a given length would perform an oscillation 
in the same tiroe ivherever it was taken. Accurate observations 
Seraonstrate that this uniformity does not exist, and that the 
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length of a pendulum necessary to beat seconds increases from 
the equator lo the poles. As a matter of fact, a pendulum 
39 inches long that beats seconds at tlie equator would have to 
be lengthened J of an inch to beat seconds at the poles. From 
the results obtained in different Jatitudes the amount of flattening 
has been calculated. Such observations, however, only determine 
the shape of the earth, and give no information respecting its size. 

The Apparent Daily Movements of the Heavenly 
Bodies. — From casual observations it would appear that the 
earth is immovable and that above it there is a large hollow globe 
in which the sun and stars are fixed, which imaginary g-lobe turns 
slowly round the earth from east to west and causes the 
appearance of day and night ; hence, when man argued that all 
the heavenly bodies were small and insignificant in comparison 
with the earth, and considered the world as an object by the side 
of which ail others were unimportant, he concluded that it was 
immovable in the centre of the universe, and that all the 
heavenly bodies revolved round it. It can now, however, 
be shown that the moon is much nearer to the earth than 
the sun, that the sun is beyond comparison nearer to us than 
the nearest fixed star, and that some stars are inlinitely more 
distant than others ; hence it is impossible to imagine that 
all these bodies are moving around our little earth, keeping 
their relative places unchanged. And since it is true that 
the appearance will be practically the same whether we consider 
that the earth is at rest and the heavens revolve round it, or that 
the heavens are fixed and the earth rotates on its axis like a top, 
it is easier to accept the latter supposition that the earth rotates 
on its axis in about 24 hours than it is to imagine that the whole 
universe revolves round the earth in the same time. 

The daily motion of the heavens from east to west is 
onljr an apparent motion, and is caused by a daily 
rotation of the earth from west to east on its shortest 
diameter.— The honour of first proving to the world the true 
theory of the celestial motions belongs almost exclusively to a monk 
named Copernicus, who was born at Thorn, in Prussia, in 1473. 
The Coperuicaii system was not published until 1543, and it is said 
that the author received the first completed copy when on his 
death-bed. One of the main principles of the theory is that the 
earth is not at rest but turns round on its axis from west to east 
once in fatherless than twenty-four hours. This real motion of 
the earth causes the apparent motion of Mie^Alvii 
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opposite direction, viz., from east to west. An analagous case 
occurs when a passenger in a moving lailway tiain se«s the tele- 
graph posts and other objects apparently fl>ing past him in m 
opposite direction to his own motion. Copernicus showed how 
llie movements of ali the heavenly bodies could be explained 
by his theory, but was not able to substantially prove Chat the 
earth rotated, the only argument then known being that such a 
supposition was mote probable than that the heavens themselves 
revolved. After the invention of the telescope in i6oS, it was 
found th^t the sun, moon, and planets all rotated on their sliortest 
diameter or axis, and it was justly argued from analogy that the 
earth rotated also ; but the analogy was not the proof. An 
objection raised against the Copernican theory was that Che earth's 
motion is not felt. But against this it might be urged that the 
majestic rotation would not be felt any more than a sailor feeU 
the motion of his ship in a placid sea, We will now, however, 
^ve the experimental proofs of the earth's rotation. 

(7) Bodies falling- from a great height deviate towards 
the east. — In 1802 experiments were made at Hamburg which 
consisted of letting bodies fail fcom the top of a tower 250 feet high 
and observing the point where they touched the ground. It was 
found that the bodies had on the average a deviation of about a 
third of an inch towards the east. In 1831 an abandoned mine 
shaft in Saxonj was used for the same purpose. The fall obtained 

in this case was 520 feet, and 
after a hundred experiments 
it was found that the average 
deviation towards the east was 
IT2 inches;. From these ex- 
perimentSj then, we learn that 
bodies dropped froia the top 
of a high tower fall not at the 
foot of the tower but slightly 
to the east of it. The reason 
of this will be apparent from 
an inspection of Fig. 56. As 
the earth rotates in the direc- 
tion indicated by the arroW; 
the top of the tower AB must 
move faster than the bottom, 
because it has to describe 
a larger circle. A stone. 




Fig. 56. 

Newton s expericnent For provijlg' the 
roiatioD of tbe eaitii. For simplicity 
th« tower may be considered aa 00 
the equator. The eartli would then 
appear to revolve in the direction 
indicated, when obaervei! from above 
tfae iiortheni heminjihere. 
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therefore, at A fias a higher velocity than the foot of the tower. 
Let the stone be dropped from the tower, and let the 
tower move from AB to A'B' in cotis^equetice of the earth's 
rotation whilst the stone is railing to the ground. If the stone 
had remained at A it would have moved over the spa.ce AA' 
whilst the foot of the tower was moving through the smaller 
amount EE', and this excess of velocity which the stone possessed 
by virtue of a higher position causes it to fall at D, that is, east- 
ward of the foot of the tower instead of falling exactly at the 
foot. This experiment was tirst suggested by Newtonj but so many 
sources of error come in that it is not capable of giving very 
good results. Observers have found that the falling body does 
not invariably fall to the east of the 
tower but towards all points of the 
Ct>mpas-s, and it is only by taking 
the average of a long series of experi- 
ments that any fairly reliable testilt has 
been arrived at. 

(2) Foucault's pendulum experi- 
ment. — Foucault devised and carried 
out an experiment in 1S51 by means of 
which the rotation of the earth can be 
made visible, (Fig. 57.) A heavy 
hon ball, about a foot in diameter, was 
suspended from the dome of the Pan- 
theon in Paris by a wire more than 
200 feet long. The ball was held out 
of a vertical position by a thread, and 
when quite still the thread was burned 
and the ball thus let go. It was arranged 
that a small pin attached to the bottom 
of the swinging ball should trip and 
make a mark every time it passed a 
circular ridge of sand placed on the 
Pantheon floor. The experiment was 
made : at the first swing the pin made 
certain marks in the sand, the second 
pair of marks wtre slightly to the left of 
these, the third pair more so, and had the 
pendulum kept vibrating long enough, 
it would at length have cut all the 
sand aw.Tv. What is the cause of thi." 




Fig' 57- 
Foueault's pendulum ei- 
perimcnl far proving the 
rot al ion of the unrth. 
Tlie iicnduJum vibrates 
in Li ccitain d'lKQlitm, ei a. 
The cirLiular likble ia 
slowly Iw'slcd under it, 
in the opposite direction 
lo the ha.nds of a ivatch, 
becBuic iif the caitli'G 
rotaii-oii. 

■V 



lit' 
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Apparent displacement ? Either the direction of the oscillations 
mniJe by the peiidiiliim is twisted roynd in the same direction as 
that of the hands of a watch, or the floor turns under it in the 
opijosite dirccLitjn to watch-liatids. Most people know that it is 
diflicuu to push a heavy body out of the path in which it is 
moving. Consider, then, the heavy pendulum bob described 
above; it is set vibrating in a certain path, and cannot of itself 
move out of that path ; hence it is inferred from the experiment 
that the floor and the roof of the building — and, therefore, the 
surface of the earth — moves from left to right under it. Foucault 
found by preliminary experiments that the path in which the 
pendulum vibrated remained fixed when the top of tlie wire by 
whicli il was suspended was twisted, and hence he argued that 
the motion of the top of the building did not affect- the position 
of the path of vibration, the pendulum keeping in the [>ath in 
which it was started as if it were not suspended from, or connec- 
ted with, anything on tht; earth. Such a pendulum suspended at 
either of the poles would appear to describe a circle in 23 hours, 
56 minutes, 4 seconds, which, we have ss'en, is a. sidereal ds-y, or 
the true time of rotation of the earth. As we move from the poles 
to the equator the tirne taken for the pendulum to describe tht! 
circle increases, and at the equator no such motion is observed, 
the pendulum takin^f there an infinitely long time to complete the 
circle of vibrations. 



The following table shows the observed and calculated hourly 
motion of the pendulum plane in a few places having different 
latitudes ;— 







Obsen-ed 


Calculated 


Plate. • 


L9.titude. 


moUon 


motion 






per hour. 


per hour. 


Ceylon 


... fi-'sfi'N. . 


i<*-Sgo . 


. I "-815 


New York ... 


... 40 44 „ . 


■ 9 '733 ' 


, 9 "814 


Geneva ... 


... 46 J* « . 


10 'S23 


. 10 'S56 


Bristol 


51 =7 1. • 


. 11 788 .. 


■ »i '1^3 


Dubhn 


S3 20 „ . 


. II -915 ■ 


, IZ -065 


Aberdeen 


... ST 9 ■ 


12 '700 .. 


12 "636 



Tiom cKporimcnts with Foucault's pendulum in various parts 
of the earth, the time of rotation of the earth has been calculated. 
The result is 23 hours, 53 minutes, 37 seconds, vhich dilTers from 
the true lime by only 2 minutes, a; seconds, and hence is a very 
close agreement, The exact period of rotation is found bjK obser- 
vations of Stars with the transit instrument. 
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(3) Foucault's Gyroscope.— Another itistrument devised by 
Foucault for demonstrating the rotation of the earth is called ihe 
GyroKopt, and consists of a heavy rimmed wheel mounted on 
t'imbals so that it is free to turn in any direction. This wheel is 
set in rapid rotatign in a ctrtain 
direction, and keeps that direction 
unchanged in accordance with the 
law that no body has the power to 
alter its own state of motion. It 
corresponds, therefore, to tliu' swing- 
ing pendulum jtist described, A 
microscope is arranged so as to 
watch a prointer over a graduated 
scale, and it is found that the pointer 
appears slowly to move from right 
to left, because of the motion of the 
microscope and scale from left to 
right. 

A sketch of the mstrument is 
shown in I'ig. 5S. 

On account of the earth's 
rotation bodies moving from 
the equator to the poles are 
deviated towards the East. — 
The above are some cxiserimental 
proofs of the e.^rth's rotation, We 
will now consider sora<; phenomena 
which follow from it. In the first 
place n point on the eciuator has 
to be whirled through a distance of 
25,000 miles in about 24. hours, 
which, roufjhly speaking, is at the 
rate of a thousand miles an hour. 
At the poles, however, there is no 
rotation, Suppose a cmnon at the 
equator to be fired when pointing 

ilue north or south. If the earth did not rotate the ball would 
travel in a true north and south line ; but on account of the rotation 
of the earth the ball, when il left the cannon's mouth, had a velocity 
of 1,000 miles an hour from west to east as well as its northern 
velocity, due to the combustion of the gunpowder. Thus the 
ball moves from a point where its velocity towards tht east >a. 




fig. 58. A Gyn)M.'op& 
A iri a heavy riininecl wheel in 
rapid rL-ttition in the ting B, 
ivhli;li is suppoiled in aide 
nnothcr nn^ C, aufpmtled by 
II Ihreud DE and capable: of 
lurDing (^n the poiDl F, ^ 
the eailh [oLates. the iiiitto- 
scope and stale are CBMied 
rcuiid ill ilic oiiposiie direction 
to watih lianas and llicrefore 
Ihe end of the pointer S :ippeflra 
to move in the same direction 
as walch liands. 
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i,ooo miles an hour to parts of the earth where it is much less, 
and on account of this excess of velocity the ball deviates to the 
east of the direction in which the cannon was pointed. It will be 
seen later on that winds and ocea.ii currents suffer the same 
deviation. 

Tlie shape of the earth is that which would result 
from the rotation of a semi-fluid mass. — We have already 
shown that the earth is flattened at the poles, It is highly 
prohable that at one lime our globe was in a viscous or semi-solid 
condition, somewhat like thick tar. Now it has been demonstrated 
by experiment, and proved mathematically, that a plastic 
body in rotation must assume the spheroidal shape described. 
All the particles of a rotating mass tend to fly away from 
the centre of the mass; where the velocity is greatest this 
tendency is the strongest, hence the equator is bulged out 
bei^ause there the velocity of the particles is greatest, and a slight 
flattening occurs at the poles where the velocity of rotation is 

The Sun has an apparent motion among; the Stars 
which it takes a year to accomplish. — Besides the 
dally or diurnal phenomena, which occur in consequence of 
the rotation of the earth, other annual phenomena have been 
observed from the earliest ages. In the first place^ the path 
described by the sun across the heavens is not always the 
same, and in the summer our luminary describes a larger 
are and is higher in the heavens at midday than it is in the 
winter. (Fig. 59.) The sun has thus an apparent up and down 
motion in the sky. Again, if we observe the stars which set 
shortly alter the setting of the sun, we shall find that in the 
course of a few days they will no longer be vi$ible, and other stars, 
which previously did not set till long after the sun, now accompany 
him. Similarly, the stars which appear at one time near the sun 
when it is rising, are after a few days considerably elevated above 
it at the same lime, as if either the stars bad nnoved towards the 
west or the sun towards the east. These appearances are 
Iieriodic. The stars which set soon after the sun in the spring 
will he found to occupy exactly the same relative appearance in 
the following S|)nng, and thos;e sl.irs which accompany the sun in 
the autumn will again be found to accompany him in the fol- 
lowing autumn. The sun therefore moves eastward among 
the slars. This regular succession of annua! phenomena has, 
of course^ been long utilised by man to measure time, and 



THE EARTH AND ITS MOVEMENTS, 



hence the greater part of the obsefvationfi of early astronomet 
had for their object Che d e I ermi nation of th£ positions of the star 
relatively to the sun at his rising and setting, by which the 
fixed the seisons and regulated the operatioris of agriculture. 
In consequence of the difference in relative position of the 
Bun and stais in different seasons, it may be noted that diflerent- 
groups of stars, or constellations as astronomers call tiieni, ajjpeai; 



MIDSUKPUen ^ SUN jtT naoN 




F'E- 39- Tl": 'iifference in the Altitude of the Suramer and VTmta Sun. 



in the midnight sky at different times of the year, are supplante 
by other groups, and at the same time in the following year are 
found in the same position. Thus, in England, an observer 
might notice a particular star exactly over a particular point on 
the earth at midnight, A few tiights after, the star will be found 
west of ihe position at midnight; the distance from the midnight 
point first observed will go on increasing, night by rv^jH-.'^*'^ 
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the season returns in which the first observation was made, ihe 
star will approach its original position, and on a particular night 
will be found again to occupy exactly the same position that it 
did previously. The interval of time that elapses between these 
two successive appearances is called a sidereal year — a year 
measured by the stars. 

The Ecliptic is the Apparent Annual Path of the 
Sun amon^ the Stars.— In consequence of the apiiaient 
movement described in the last section, the groups of sta.rs 
which form the background of the sun are different at different 
periods of the year. It is not possible to distinguish the light 
of a match through the brilliancy of an electric arc li^'ht. 
In like nnanner the feeble light of the stars cannot be seen in 
the daytime because of the overpowering brilliancy of the sun 
and the dissipation of its light by the atmosphere. At times, 
when the sun's rays are cut off, that is, during an eclipse, the 
bright .stars of the background can be generally seer. Bright 
stars can also be observed in the day by meang of a telescope. 
Early astronomers noticed that the sun always appeared to 
traverse the same groups of stars, and termed its path the ecliptic. 
They divided the apparent yearly path of the sun among the 
stars into twelve parts, and the groups of stars extending about 
eight degrees above it were called sig;iis of the zodiac. 

The Earth is one of eight planets which revolve 
round the sun in elliptic paths.— The countless siars 

with which the celestial vault is sprinkled move together like 
bright spots upon a solid revolving sity. From their fixed 
relative positions they have been called fixed stars. At certain 
times objects are seen which do not remain lixed among the 
Stars from night to night. The ancients knew five such objects, 
and called them planets, that is, wandering stars. The 
moderns have discovered two faint bodies, barely vis.ible to 
the naked eye, and so brought the list up to seven. All these 
objects revolve round the sun at different distances from 
it. The neares.t planet, Mercury, has an average distance of 
36,000,000 miles from' the sun, and the most remote, Neptune, 
travels round our luminary at an average distance of 1,79s, 000, 00a 
miles. The earth is a planet which revolves round the sun at a 
distance of about 93,000,000 miles. The path or orbit in which 
each planet moves is elliptical iti shape, and (he sun occupies one 
of the foci of the ellipse. From this law it is manifest that all 
planets are farther from the sun at one end of the major axis of 
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the orbit than when it is at the other end. When a pi 
nearest: the sun it is said to be in perihelion, and when ferthest 
away it is in aphelion.. 

The law of gravitation asserts thnt the force with which bodies 
attract one anotlier is directly proportional to their masses hnd 
inversely proportional to the distance which separates them. This 
being so, the atttaction stress between the sun and a planet is 
greater when the latter is in perihelion than when it is in aphelion, 
and, consequently, the nearer a planet is to the sun the faster 
does it move in its orbit. (Fig. 60.) All the planets revolve 




Fig. 60. TlluEttation of Kepler's 2nd Law. The arc PP' is passed over in 

the same lime as PiF', Ibe shaded lines ihere-ffue repri?senl equnl 
press described by the lino joining the plmet t-o the sun during equal 
iatervals of time. 

round the sun in one invariable direction, which if we could view 
them from above would be seeis lo be opposite to that of the 
hands of a watch. Each planet also rotates on an axis in the 
same direction. In order to see the motion of the planets in 
their greatest simplicity, the Student should conceive himself 
stationed at the sun, The stars would be seen fixed in the 
heavens at an infinite distance away, and the planets would be 
observed to move among them. 
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Illustration of the Earth's orbit in comparison with 
the distances of stars. — Althoug-h the distiLnce acmss the 
earth's orbit, iB6, 000,000 mil«s, may appear enormcius, yet 
it is insignificantly sniall when compared with the distances 
of "the stars. To get somK conception of these dimensions 
imag'ine a well-levelled field many mites in extent, On it 
place a ball, one inch in diameter, to rejiresent the sun. The 
earth will be pro port ion ally represented by a small shot revolving 
round the ball at a distance of nine inches. On this scale 
the nearest star would be about 300 miles away. If we further 
reduce the scale so that tlie earth's orbit would be repre- 
sented by a. circle one inch in diameter, the Hun would appear as 
a. small grain of sand, the earth as an almost invisible speck of 
dustj and a tree about eighteen miles away would represent the 
nearest star. The stars suiround our system just as the distant 
trees surround the orbit imagined above. But they do not only 
occur on the same level as the earth's orbit, they are above it and 
below it, and surround it on a.11 sides. If we could take 
a journey from the earth through space, in whatever direction 
we travelled, and with whatever velocity, we shouEd never come 
to an end. Occasionally a star might be met. and then 
perhaps the monotony of the journey would not be broken 
for thousands of years, But it is as impossible for our finite 
minds to conceive this infinite space, as it is impossible for 
us to have any conception of infinite time, that is, eternity. What 
should be grasped 13 that the stars are distributed through space 
at enormously different distances from the earth, and that, since 
there is no end in any direction, there is no lop or bottom or sides 
or centre of the universe, hence the words ' up ' or ' down ' have 
no meaning when applied to space. Al! we know is that in one 
part of space the earth has a motion of revolution round a luminous 
body called the sun. This has nothing to do with the stars, and 
the stars have nothing to do with it ; indeed, if the light of all the 
stars were blotted out at any moment things could go on much 
the same as at present. But it is not sufficient to state that the 
earth is a planet which revolves round the sun. We must indicate 
how this motion is proved. In the iirst chapter we explained 
how two forces or two motions can have a single resultant, and 
we now have occasion to use this knowledge. 

Aberration Phenomena. — Suppose rain is falling straight 
down, as we sometimes see it, An umbrella has to be held 
esactly overhead to shield off the drops, when we stand still; 
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hen, however, we begin to walk, the umhrella has to be tilted 
forward to catch the drops, ancJ must no longer be held vertically; 
the faster we walk the more must the umbrella he tilted forward, 
nd the rain no longer appears to fall straight down from the 

clouds but to fall slantingly 
&nd in advance of its tree 
position. Similarly, a traveller 
in a railway train on a rainy 
day may observe an increased 
slant of the direction of the 
jain- drops falling across the 
windows when motion com- 
mences. Again, if a ship is at 
rest a shot fired from a distant 
battery would, if its velocity 
■were sufficient, enter one side 
of the ship and go out at the 
opposite side, so that the two 
shot holes would be exactly 
opposite each other, Bnt if 
the ship be moving at right 
angles to the line joining it to 
the battery, the hole where the 
shot leaves the ship will be 
further astern than that where 
the shot enters. The distance 
along the ship from one hole to 
the other repiresents the dis- 




F\g, 6c, Illustration of Abeiration, 
A shot entering a ship at n wDiild 
s-trike f' if the ship dul not move. 
An observer would therefoiE be 
B.b!e to tell in which direction the 

battery lay. But if the ship moved 
from a to a' while the shot crossed 
it, llie direction, of ihe baltery 
would oppear to be in the line a'i 
iustend of^ a 6. 



tance advanced by the ship 
during the time of the passage of the shot across it. Hence, 
although a person on board the ship would at once be able to 
judge of the position of the battery when at rest; if he did not 
allow for the motion of the ship in the second case he would 
imagine the battery to be in advance of its true position. 
(Fig. 61.) How much in advance depends upon the velocity of 
the ship and that of the shot. 

Astronomical Aberration. — Experiments have been made 
which prove that light-waves da not travel instantaneously, but 
move whh a velocity of about iS6,ooo miles in a second. It can 
"sobe proved that light-waves have their apparent direction 
chang9drTn-4he same way as falling rain-drops or moving projec- 
tiles when the observer is in motion. Now, if the earth were at 
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rest the position of a star would be the same throughout the year. 
But Stiirs are not always seen in the same position ; thej suiTer a 
very small periodic displacement from their average posilion, that 
is to say, the direction in which a telescope has to he pointed to 
look at a star varies slightly. This variation is due lo the earth's 
motion, just as the variation in the apjMrent direction of failing 
rain is due to the motion of the observer, and in both cases the 
displacement is towards the point to which the motion tends. 

Constant of Aberration.— The amount a telescope has to 
be tilted depends upon the velocity of the earth in its orbrt, and 
the velocity of light. If we t.ike the velocity of Jight as 18(1,337 
miles per second, and the earth's average orbital velocity as rS"s 
miles per second, we have the data for deterrotoitig the angle 
between the lines joining the observer to the true and the apparent 
position of a star, a trigonometrical calculation shows thai the 
angle is 2o""3, and this is termed the cmslanl of aherralion. It is 
Wdtlh while calling attention to the fact that there are 1,296,000 
seconds of arc in 360 degrees, so 2o"-s is a very small angle. 
This is because the earth's velocity is so small compared with the 
velfirity of light. 

How the Aberration of Light proves that the earth 

revolves round the sun.— Consider a st.ir situated in space on 
the same level as that in which the earth revolves, thai is, on the 
plane of the ecliptic. When the earth is moving towards or away 
from the star no displacement occurs ; the star will be observed in 
its true place. This is analogous to the fact that the up and down 
motion of an Individual does not cause any change in the apparent 
direction of vertically falling rain. But when the earth is moving 
at right angles to the line joining it to the star, a telescope point- 
ing to the star is really directed 2q"'5 ahead of its real direction. 
When, however, the earth is moving along the opposite side of its 
orbit, the star is displaced 2o"'5 in the opposite direction, the 
displacement being always towards that point of the heavens to 
which the direction of the earth's motion tends at the moment of 
observation. (Fig, 62.) We see, therefore, that on account of 
aberration a star on the ecliptic apparently oscillates 20' '"5 on each 
side of its mean or true position. The time taken for such a star 
to apparently move 3o"'5 on one side, to return to the mean 
position, lobe displaced 20 "-5 on the other side, and return a^in 
to the mean position' — that is, to complete a cycle of changes— is 
exactly a year, The earth must therefore take a year to travel 
round the sun. If the sun revolved round the earth and the 
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earth were fixed in space, ihe slats would always appear in 
recisely the same direction, We have only conaideried a star on 

the ecliptic for simiili- 
city. All stars suffer 
displacements which re- 
i^ur every year. But the 
form of the apparent 
path described depends 
upon the position of a 
star wiUi rc'S[3ect to the 
pcliptic. As we have 
seen, stars on the eclip- 
tic oscillate backwards 
and forwnrds along a 
line 41" long. Gene- 
rally speaking, howeveri 
stars describe ellipses, 
the major axes of all of" 
which are 41" hug and 
the minor a^ics of which 
increase in length with 
the distance of stars 
above the ecliptic, until, 
at the ecliptic pole, the 
minor becomos equal to 
the major axis, and the 
apiiarcnt piilh described 
is a circle. The imj.ioT- 
tant point to reinfmbei 
is that whether the apparent path described by a star lie a straight 
line, an ellipse, or a circle, uxaclly a year is taken up in comple- 
ting the cycle of changes. 
Determination of the Sun's Distance by means of the 
o-nstiant of Aberration. — Knowing the velocity of light 
iS6.j37 mik-s per second) from careful experiments, and ihe 
instant of :ibcrralioji (ao''*4s) fTom observations of starsi.we can 
determine the velocity of the earth* in its orbit by a simple trigono- 
metrical calculation. The iirinciple of the method is illustrated by 
Fig. 63. It is thus found that the average velocity of the earth 
iS-5 miles per second. The number of miles travelleil ina sidereal 
year (3i,ss8,r4(j seconds) is therefore 18-5 x 3Ij558,i49. The 
result obtained is 583,823,736, and this ret^reaents the l^w^Vv 
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miles of the circumference of the earth's orbit. And since the 
circumference of a circle contains the diameter 3-i4r6- times, and 
the radius is half the diameter, the radius of the earth's orbit, that is, 

the distance of the earth from the sun, is 5j3 .Sa5, 756_ 

2 j< 3 ' 141 6 
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Fig', G3, Calcuktion of the earth's orbital velocity IiDin tbe constant of 
aberra-tion and velocity of }igbt, 

equal to 91,330,175 miles. This is, of course, only an appt&xi- 
mate value, for the earth's orbit is not circular, consequently the 
earth does not travel with the uniform velocity assumed in the 
calculation. 

The Annual Parallax or a star is the angle contained 
between two lines to the star, one drawn from the centre 
of the earth's orbit, the other from a point on the orbit, 

— The radius of tht earth's orbit is 92,7^6,950 miles long, and 
light, travelling at the rate of 186,337 miles per second, therefore 
takes 498 seconds (about S minutes) to jiass over this distance. 
It is impossible to get an idea of ihe stellar distances by espress- 
ing them in miles, so astronomers use another unit called a ' light 
year,' that is, the distance travelled by light in a year. The 
nearest star is so far away that light takes about 3^ years to travel 
from it to us. Most of the stars visible to the naked eye are 




The Annual Parallm of a star. The angle SOE represents 
the parallax uf ihe slat 0. 

probably from 200 lo 300 light'years distant, and many are 
thousands of 'light-years' away. It wiW therefore be seen that 
the radius of (he earth's orbit is very small in comparison with 
the immense dislances of the stars. If an observer on the 
nearest star could direct a telescope fitst lo the centre of the 
earth's orbit, and then lo a point on the circumference, the 
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angle between the two directions would only be o"'75. This 
number represents the annual parallax of the star. (Fig. 64.) 
From the vast majority of stars the sun and the earth would 
appear as one point of Hg-ht, that is, there would be no angle 
between the line joining the star to the centre of the earth's orbit, 
and that from the star to a point on the circumfCTence ; there 
would be no measiira.ble annual parallax. The more distant a 
star is, therefore, the less is its annual parallax. 

The Annual Parallax of Fixed Stars is a Proof of 
the Earth's Revolution in an Orbit.— To understand 
this, let us conceive a circular railway constructed upon a 
level plain, and ourselves looking down upon it from a balloon 
(Fig, 65), The ss.ilh may be considered to travel in a path 

Fig, 65. The cbasg? in the apparent direction of an objei^t aa the poHtioD of 
the observer is altered, 

round the sun similar to an engine moving on the circular 
railway. When the engine is at A an observer focuses a telescope 
upon a church tower ; or some object at a considerable distance. 
Let the engine move round to B, the observer will now have to 
turn his telescope back through a certain angle in order to see the 
tower, when he arrives at A again he will have to direct his tele- 
scope as formerly, so that, because of the motion of the engine in 
the railway, the i^wsition of outside objects undergoes a change, 
due lo the varying [lositions of the observer. The stars are at 
such enormous distances from the earlii that the diameter of the 
path In which it revolves round the sun is as a dot in space, and, 
hence, the light from a star as seen from two positions on Ihe 
earth's path nearly ojiposite one another is almost evactly in the 
same direction. With the increase of delicacy of astronomical 
instruments, however, it has been found that a star obsen'ed at 
one time appears in a slightly different position about six months 
later, when the earth is on the other side of its orbit. This 
difference in apparent position of the star — the annual parallax 
of the star — may, therefore, be considered as another proof of the 
caith's orbital revolntinn. 
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The Orbit of the Earth is Elliptical in Shape, and the 
sun occupies one of the foci. This has been determined 
by accurately measuring the sun's diameter throughout 
the year.— In consequence of the form of the orbit the earth is 
about three million miles nearer the sun in winter than in summer. 
We have now to consider the observations which enable m to 
decide the exact shape of the path in which the earth revolves 
round the sun. Daily measurements of the sun's diameter show 
that it gradually increases from July to January and then decreases 
from January till July. The diameter of the sun on January i, 
i8g2, was ' 36^ ", whilst its diameter on June 30 was 31 ' 3a". 
Only one deduction can be drawn from this, viz., that the earth is 
nearer the sun in January than in July. It is evident that these 
variations could not occur if the path in which the earth moves 
round the sun were circular, for then our luminary would 
always apjiear exactly the same size when measured at noon every 
day throughout the year. By investigating the series of measure- 
ments, asiTo-noraers have been able to determine that the shape of 
the earth's orbit is that of an ellipse. It was shown in Chapter V, 
that every ellipse has two foci, and it has been found by 
the above method that the sun occupies one of the foci of the 
elliptical path traversed by the earth i;j its revolution. In January 
the distance of the earth from the 3un is gOj435,ooo miles, in 
Jul^j 93,564,000 miles. 



QUESTIONS ON CHAPTER VI. 

t. State oh^ experimental pido! o( the earth's rotation. IrS^T,} 

2. Describe the apparent ^uDUai motion of the s\ais ilue to the earth's 
rdvolulion round the sua. (1SS8,) 

3. Slate some observalioDs which prove that tlic eaiCh is sot flat, and some 
iv-hiuh [irove it to be inoie or less (;!obiilar, 

4. Give a brief descripiion of ttie methods used (o dclwminc the cxaxt M« 
and shang pf ihe eacih. 

5. What otiservaiions indicate that the sun hsj an apparent motiDn among 
the titars? What is the ecliplic? 

6. How hi.s it been found that the earth revolves rnunil the nin, and not the 
EUn round the earth ? 

7. How hsa the ahspe of the earth's oTbit heen detennined ? (iSgs.) 

S, What are the fact^ which [jrovc that the ca.[th revolves round the sun 
M-dA not ihe sun round ihe earth ? (iSgz.) 



CHAPTER VII. 



THE PLANE OF THE ECLIPTIC AND PLANE OF 
THE EQUATOR, WITH SOME EFFECTS WHICH 
RESULT FROM THEIR NON-COINCiDENCE. 

The Plane of the Ecliptic is the plane described by 
the line joining the centre of the Sun to the centre of the 
Earth. — Consider the path of the earlh represented by an elliptical 
but very nearly circular railway on a level plain, and let an electric 
light be fixed in the ellipse to represent the sun. The en^ne 
will travel round the electric light always on the samt: level or 
plane. Transfer your th-oug-hts from the imagmary engine and 
the electric hght to the earth and sun in space. The earth 
travels round the suti in one plane, on one level, Eis definitely 
fixed as was the plane in which the engine moved lOUhd the 
electric light. It does not bob up and down, but floats round 
the central body like a ship in a perfectly placid sea. This plane 
in which the earth performs its revolution is called the plane of 
the ediptk, and a line joining the centres of the earth and sua 
must always He in it. 

The Plane of the Equator is not identical with the 
Plane of the Ecliptic— If the earth Qoated upright in the 
ecliptic plane, th-e equatur would coincide with it, and the axis 
would be at right angles to it. Summer would then occur when the 
earth was nearest the sun, and all over the earth our luminary would 
cross one particular path in the sky, and would attain at mid-day a 
certain altitude which, althqug'h different for different latitudesj 
would always be the same for the same latitude. But the sun does 
not appear to describe the same arc in the sky throughout the 
year, hence the earth does not float upright in the ecliptic pla,ne, 
The majority of people have observed that the shadows of all 
objects decrease in length from sunrise to noon and then increase 
to sunset, and it is fairly evident that shadows are shortest when 
the sun is highest in the sky. If a pout be fixed in the ground, 
the length of its shadow, measured at nuon throughout the year, 
will be found to decrease from spring to summer, to reach a 



.3* 



ELEMENTARy PHVSIOCRAPHy. 



shortest length and appear to have the same length for several 
days, to increase in the autumn to the length measured in the 
spring;, and in the winter to be much longer than in summer. As 
an example of the great difference in the length of the shadow it 
may be mentioned thai the Eiffel Tower, which Js 9S4 feet high, 
has a shadow about 3,060 feet long in December, and 478 feet 
long in June, the difference being a,sSi feet. 

The Sun's Declination varies from 23^^ North to 33^" 
South in a Year. — The angular distance of the sun from the 
zenith.and therefore its altitude or angular distance from the horizon, 
may be determined by measurements of the lengths of (he shadow of 
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Fig. 65. The Gnomon. MeLhnJ by means of which the Obliquity of Ihe 
Ecliptii; (23^") has been delcrmiTied. The altitudes given are for Ihe 
latitude of ton Jon. 

a fixed object at different times in the year. A column erected 
perpendicular to the horizon for the purpose of determining the 
altitude of the sun is called a gmtnoit, and it is known that many of 
the Egyptian obelisks were erected primarily to serve a.s giiomoTis. 
Indeed, such obs'ervations as the above described have been 
made from time immemorial, and careful measurements show that 
from spring to summer the sun describes arcs of increasing size, 
and on midsummer day at noon is 33^'° higher than it was a[ 
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noon in mid-Bpring, It then appears to desa-ibe the same arc 
for a few days, and little change is perceptible in its mid-Jay 
altitude. This point is called the Summer Solstke. From mid- 
summer day, however, the sun gradually describes lower arcs, and 
in autumn has returned tp the point it occupied in spring. 
At these times the days and nights are everywhere of equal 
lengthj and the earth is said to be at the Spring and Autumnal 
Equinox respectively, From autumn to winter the sun's altitude 
at noon decreases, and in midwinter is 23^° below the spring and 
autumn paints. Again the sun appears to have nearly the same 
altitude for a few days, and the earth is said to be at the IVinter 
Seistui. After midwinter day the sun begins to describe arcs 
which daily increase in size. The transit instrument allows much 
more acci:rate observations to be made of these changes, than is 
possible with a gnomon. 

The Obliquity of the Eciiptic is the angle between the 
plane of the ecliptic and the plane of the equator— 
What deductions can be made from the above observations ? We 
know that the earth revolves in one plane, and that the sun's 
apparent path is in the same plane. The observations with 3 

gnomo-n, or transit instrument, 
show that the sun moves from 
a^'^" South declination to 23^° 
North declination and back 
again in a year. The variation 
in declination proves that the 
plane of the equator is not coin- 
cident with the ecliptic plane, 
and the measurements show that 
the inclination of one to the 
Other — the angle contained be- 
tween the two planes— is a^J^, 
This is termed the oHiquity ef 
the ecUptk. (Fig. 67.) The 
earth's axis is perpendicular to 
the plane of the equator, and 
points to the celestial poles. 
In like manner the poles of the 
ecliptic are the two points in the heavens directly above a peqien- - 
dicufar to the plane of the ecliptic. They are therefore 90° distant 
from the ecliptic. The angle between the earth's axis, and a 
perpendicular to the plane of Che ecliptic, is the same "is^ 
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obliquity of the ecliptic, viz., ajj'. The earth's axis is therefore 
inclined 90" — 33-3'*, that is, 66\° to the plane in which it revolves 
round the sun. This inclination remains the same throughout the 
whole period of the earth's revolution. If, therefore, we could 
view the earth and the snn from some point in space nearly on the 
same level as the ecliptic plane, the northern and southern hemi- 
sphere would be seen alternately tilted towards the sun and away 
from it, whilst at two other parts of the orbit the earth's asis would 
neither be inclined to, nor away from, our luminary. These 
variations may be well illastrated by sticking a knitting needle 
through an orange or ball of worsted to represent the earth's axis, 
and then carrying the orange or ball horizontally round a lighted 
lamp, with the knitting needle always pointing in the same 
direction. The lamp takes the place of the sun, and objects on 
the wall, ceiling, and floor of the room represent the stars which 
surround our Utile system on all sides. 

The variations in the sun's declination throughout the 
year are due to the inclination of the earth's axis to the 

ecliptic plane. — The orbit of the earth may be represented by an 
oval wire loop. If the loop be viewed from a point slightly above, 
the form of the earth's orbit will appear very elliptical, and if the 




Fig. 6S. Variation io the direction of the sun's reys throngliom the year, 

loop be viewed edgeways, only a line of wire is seen. Consider 
your-self in space, and on a level with the plane of the equator. 
At the summer solstice the sun is 23^ above the equatorial 
plane, that is, its declination is 23^° North. But at the winter 
solstice the son is the same number of degrees below the 
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equatorial plane ; its declination is aj^" South. At the equinoxes 
the sun is on the equatorial plane, in other words, the plane 0/ 
rotation coincides with the plane of revolution. At such times, 
therefore, the sun's declination is 0°, (Pig. 68.) In illustration 
of the saiBe point let us consider the alterations of the sun's 
zenith distance at London throughout a year. 

At the summer solstice the sun's declination is 23^-° North, that 
is, it is vertical over the tropic of Cancer (lat. 232")' Taking the 
latitude of London as sij' N,, the difference (51^^ — ssi') 's 
found to be 38", And this difference represents the distance of 
the noonday sun from the zenith of I^ondonat the summer solstice. 
The altitude at this time is therefore 62°. When the sun is on 
the equator— at the equinoxes — its zenith distance at London is 
SrJ", and hence its altitude is jSj". At the winter solstice the 
aun is vertical over the tropic of Capriajrn (lat. 23^° S.). Its 
zenith distance at London is thus + 33^" = 75", and so 
its noonday altitude is 15°. 

The annual change of the sun's declination causes 
the sun's amplitude of rising^ and setting to vary 
throughout the year. — When the arcs descrihed by the sun are 
increasing in size, that is from winter to summer, our luminary is 
apparently moving towards the north ; as they decrease in size it 
moves southward. These changes can be determined by observing 
the points on the horizon at which the sun rises and sets during 
different times of Che year. Thus at the summer solstice the sun's 
declination is 234° North, and the direction of rising in London is 
about forty degrees north of the east point, and of setting, forty 
degrees north of west; at the winter solstice the sun rises about 
forty degrees south of the east point, and sets forty degrees south 
of west ; and it is only at the equinoxesj when the declination iso", 
that it rises and sets due east and west. The distance of the rising 
and setting sun at the solstices from the east and west points 
increases with the latitude of the place of observation. The 
following are the amplitudes for a few latitudes : — 
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At the equinoxes, that is, when the sun's declination is o', it 

rises ilue east, and sets due west all over the world. 

The two points where the ecliptic cuts the Equator 
mark the two Equinoxes- — If a celestial gi ohe be examined a 
great circle wi!l be found drawn upon ic, cutting the equator at tivo 
points. From one of the points of intorsection the circle may be 
traced upwards to a declination of 23^*' ; it then curves downwards 
to the other point, passes to 23^" below the equator, that is, to a 
declination of 33^'^, after which it curves upwards to the first point 
of intersection. This great circle is the ecliptic, and it represents 
the appEirent annual path d'escribed by the sun among the stars. 
The point where the sun crosses the equator from south to north 
is the vernal or sjiring equinox j the point at which the sun 
crosses the equator from north to south represents the autumnal 
equinox. Astronomers term these two points nodes, the former 
being known as the ascending node, and the latter as the 
descending node. The imaginary line joining; the equinoctial 
points, or nodes, is termed the lint of equinoxes or line of nodes. 

The position of the Sun at the Spring Equinox 
is the 'First Point of Aries." — In the time of Hipparchus 
(b.C. 1 go) the line joiliing the two eqilinotti.il points pointed 
in one direction to the constellation Aries, in the other to 
Libra. When this was the case, the svin was in Aries at the 
spring equinox, and in Libra at the autumnal equinox. The 
point in the sky occupied by the sun at the spring equinox, 
that is, one of the points where the plane of the ecliptic inter- 
sects the plane of the equator, is taken as the starting point for 
reckoning the longitudes of stats in the same way tiiat the meridian 
at Greenwich is taken as the starting point for measuring terrestrial 
longitude, It is known as the ' First Point of Aries.' Owing to 
the fact that the earth is not a perfect s[)here, bat has what can 
be considered as an e>itra belt of matter round the equator, 
the line joining the equinoctial points or nodes does not 
constantly point in the same direction, and now, instead of 
[jointing to Aries, it points to Pisces. Hence, the sun is now in 
Pisces at the spring equinox, and in Virgo at the autumnal 
equinox. This movement of the equinoctial points round the 
ecliptic to meet the Sun is calted the precession of ihe equinoxes. 
It amounts to about 50" per annum, so that a revolution is com- 
pleted in about 26,000 years. But, notwithstanding the fact that 
the equinoctial line no longer points to Aries, that, in fact, the 
'signs ' of the Zodiac no longer correspond with the zodiacal 
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constellations, astronomers still call the position of the sun at the 
spring equinos the First point of Aries and count the longitudes 
of Stars from it. 

Effects of the Precession of the Equinoxes.— The 

equinoctial points or nodes mark the intersection of the plane of 
the earth's equator with the plane of the ecliptic. They move 
round the ecliptic plane once in about 26,000 years, hence the 
north and south poles of the earth, and the celestial poles, which 
are above them, also move round the north and south poles of the 
ecliptic in the same lime ; and hence if we imagine an observer 
living on the nortli pole of the carlh, he would see our present 
pole star stowly get further and further away from the zenith in 
centuries of observation, and other stars would take its place. 
And since the declinalion of stars is dependent upon the position 
of the celestial poles they would be gradually changed. Another 
effect of precession is to alter the seasons which occur when the 
sun otcupics a certain position in the heavens. We have seen 
that the cause of the seasons is tEie inclination of the plane of the 
earth's equator to the ecliptic plane, and it vrill be understood 
from the accompanying figure that in 13,000 years summer will 
occur at that point of the orbit which the earth now occupies at 
winter. Similarly, all the seasons are, so to speak, slowly moving 
round the earth's orbit. In 13,000 years the sun will be pro- 
jected upon the constellation Virgo at the spring equinox; spring 
will occur when the earth is in that portion of its orbit which it 
now occupies at autumn ; and summer and winter will have 
changed places. 

The two points on the ecliptic most distant from 
the equinoctial points mark the solstices.— TKe line of 
solstices is at right angles lo the equinoctial line, each of the 
solsticial points of the earth's orbit being midway between the 
equtnOKes. At the time when the sun was in Aries at the spring 
equinox it was in Canc<;r at the summer solstice and Capricorn 
at the winter solstice. But the position of the line of solstices 
depends upon that of the line of equinoxes, hence, owing to 
precession, the sun is now projected upon Gemini at the summer 
solstice, and is near Sagittarius at the winter solstice. 

The succession of the seasons depends upon the 
revolution of tlie earth and the inclination of its axis. 
— It would appear at first sight that winter should occur in all 
parts of the world when the earth is most distant frpm the suci 
(aphelion), and summer when ne^iest ii« t^extos^ix'a^- 
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as a matter of fact the winter soistioe occurs near the perihelion 
point of the earth's orbit, and the summer solstice near the 
apheiion point. ("Fig. 69.) On account of the constant inclination 




Fig. 6g. TTie Earth's Orbil in sj-iace. 



of the earth's axis to the ecliptic plane, the northern and southern 
hemispheres ore alternately turned towards our luminary and turned 
away frotn it during a revolution round the sun (Fi^', 70). It is to 
this inclination of the earth's axis that we have to refer the cause 
of the seasons. When we have summer in the northern hemi- 
sphere, the sun rises high lit the skjand radiates its light and heat 
directly down upon us. The yjeople in the southern hemisphere 
ihen hsye v/'mla, because \hsy are turned away from the sun. 
en however, six months later, wlnlet oceuts vt\ 0\e notthem 
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hemisphere, then summer occurs in the southern hemisphere. At 
the equinoxes the sun is direcllj' over the earth's equator and 





Fig. 7<j, lUasttatiijB pf tbe cRuse of Sftinmer and Wint'cr. 

appears midway between the highest and lowest points reached 
by it in a yi;ar. This is because when the earth is at either of 
these points the axis is neither turned towards the sun not" turned 
away from it, but the globe is lit up as shown in Fig. 7 i. 



_ 





Fig. Ji. Appearanue of the Earth at the Fquinoxet. 

The dates at which the earth passed the equinoxes and solstices 
in 1 892 are as follows ;■ — 

Springer Vernal Equinox ...March 20. Spring begins. 

Summer Solstice June 20, Summer begins. 

Autumnal Equlno.x Sept, 23, Autumn begins. 

Winter Solstice .., , Dec. 21. Winter begins. 

Why it is hotter in Summer than in Winter. — It 

requires a little consideration to understand why the high 
suns of summer and the low suns of winter should have such 
effect upon tlie temperature of our globe. The atmosphere 
surrounding our globe stops much of the sun's light and heal, 
and therefore the greater the thickiiess of atniosphere traversed 
the less is the amount received. When ihe sun's rays are passing 
almost vertically through the atinosjihere the greatest .imount oC 
light and heat are received. As ^a')^ ^ifetQroe.Xes.'i. ■OTi&Vi'sa 
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vertical, however, more and more light and heat are absorbed by 
th€ atmosphere, and less received at the earth's surface. In 
addition to this we have the fact, that when it is summer in the 
northern or the southern hemisphere the sun describes a larger 
arc and the days are conseqjentiy longer ; hence, more lieat is 
received in the day than is lost at night. In the winter the 
reverse is the case, The earth thus gets hotter and hotter during 
surnmer, cooler and cooler in the wintef. This accumulalion of 
heal causes the highest summer temperature in our latitude to 
occur not when the sun rises highest in the sky on midsuinmei 
day, but about July 26. For a like reason, the lowest temperature 
does not occur on midwinter day, but the end of January, and 
the mean temperatures of the yeai do not occur at the equinoxes, 
but on April 24 and October at respectively. We may, therefore, 
say it is hotter in summer than in winter because (i) the sun is 
more nearly vertical, and (2) the days are longer than the nights. 

The Tropics are circles in the Northern and Southern 
hemispheres of the Earth OTerwhich the Sun is vertical 
at the solstices.— Since the sun in a year travels s^^" north 
and 234° south of the equator, it must be in the zenith at noon 
twice each year at every portion of our globe which lies between 
these limits of latitude. Thus, at a place in latitude 10' the sun 
is vertical at mid-day when it is tmvelling northwards and its decli- 
nation is 10", and also when it is travelling southwards and its 
declination is 10". This beh, 47*" in width, is called the tcnrid 
aene, and the lines bounding it are called Tropks because the sun 
appears to 'turn back.' In it the days and nights are nearly 
uniform throughout the year. North latitude 23^" is called the 
Tropic of Cancer, and the south parallel asj" the Tropic of 
Capricorn. 

The Arctic and Antarctic circles border the regions 
-within 234" of the North and South Poles.— We have 
previously shown that when the sun or a star is in the zenith 
of an observer at the equator, it is theoretically Just on the 
horizon of an observer at either of the poles, that is to say, the 
sun is visible at places within about 90" of the place where it is in 
thezenith, This being so, when our luminary is on the tropic of 
Capricorn in 23^" south latitude, he is just on the horizon of an 
observer in a latitude 90'' distant, that is, in north latitude [ 

while all places still further north do not see him at all, Similar 
reasoning applies to the case when the sun is on the tropic of 
cer. The [larAllels of latitude 90" away from the tropic of 
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Capricorn and the tropic of Cancer arc respectively called the 
Arctic and Antarctic Circles, and the two regions round the poles 
bounded by them, and therefore embracing 23^" of north and 
south latitude, are known as the North and South Frigid Zones, 

Day and Night at the Poles.— The sun is on the 
equator at the equinoxes, and therefore would aj>pear on the 
horizon of an observer at either [lole. The horizon of such an 
observer is a plane passing through the centre of the earth and 
perpendicular to the direction of a plumb-line, But this plane 
is identical with the plane of the equator, hence at the eqtiinoKes 
the sun appears to remain on the horizon of an observer 
at the poles for a whole period of rotation — twenty-four hours. 
From March 20 such an observer at the north pole would see the 
sun describe a sort of spiral path in the sky uiitil, pn June z \ (the 
summer solstice), a circle having an altitude of aj^*' would be 
reached. After this the path is retraced downwards Until the 
date of the autumnal equinox, when thq sun would appear once 
more on the horizon. Throughout tiiis period, that is, from the 
vernal to the autumnal equinox, the sun is visible at the north 
pole. It then passes below the equator in its southern course 
and sinks beiow the hoTizon to return again at the vernal equinox. 
In like manner, from the autumnal to the vernal equinox, the 
5un is visible at the south pole, but invisible at the north pole. Day 
and night at either pole are therefore each about six months long. 

At places within the frigid zones there is at least 
one day in a year when the Sun does not set for 
twenty-four hours, — At the summer solstice the sun is 
vertical over the tropic of Cancer (latitude 233°), and its 
beams light up the whole of the north frigid zone. In conse- 
quence of this, places within the zone continue in sunhght for n 
whole period of the earth's rotation, As the sun's north decli- 
nation decreases, the region which receives the sun's raj's for 
twenty-four hours also decreases. Thus, when the sun's decli- 
nation is 10^ it does not set at those places situated within 10° 
or the pole ; when its declination is 5" it does not set at places 
within 5° of the pole, and so on, until when the declination 
is o" the pole is the only point ht up for twenty-four hours. 
Hence, at the arctic circle (latitude 66p) the sun is seen at 
midnight only on the day of the summer solstice. As the sun 
moves further towards the south the region around the north pole 
which receives no sunlight increases in area until at the 'KvvAftx 
splstice (he whole of the noilh -vswi, leww-'OL'^ ^laxtoKs^. 
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for a day, whilst tlie whole of the south frigid zone is in light. 
We see, therefore, that so long as the northern declination of 
the sun is equal to or greater than the distance of an observer 
from the north pole, the sun will be visible. And when the 
southern declination is equal to or greater than this distance the 
sun will be invisible. It results from this, that within Che frigid 
zones a.t least one day occurs in a year at which Ihe sun is seen 
during an entire rotation of the earth, and at least one day octurs 
when the sun is not seen for twenty-four hours. Places situated 
above latitude 66^° are therefore said to he in the ' Land of the 
Midnight Sun,' and about the date of the summer solstice trips 
are frequently run to Norway to enable people to see the sun at 
midnight. 

The belt extending from either tropic to the corres- 
ponding" polar cErcle is called the Temperate Zone. — 

In this aone there is always true day and night, that is, 
alternations of light and darkness in Cwent>--four hours, but the 
lengths of each vary throughout the year, and are dependent upon 
the latitude of the place of observation. We know that the days 
increase in length as the sun's northern declination increases, as 
the arcs described in the sky get larger, and that the longest day 
occurs at the summer solstice. They then shorten as the sun 
tfloves southwards, and the shortest day occurs at the wint€r 
solstice. The following table shows that the length of the longest 
day increases with the latitude, whilst the length of the shortest 
day decreases. 

r.OEg'est Day. 
12 hours o mins. 
35 f. 



Shortest Day, 
i2 hours o mins. 



Latitude. 

10 13 

20 13 

3° 13 
40 14 
50 16 
60 18 
6t>^ &) U 

80 4i „ 

90 (Pole) 5 „ 

The Stars contained 
permanently visible 

Consider an observer at either of the poles. The celestial [jole 



SI 

3° 
months 



II 

10 
10 
9 
J 
5 
o 



25 

47 
4 
9 
51 
30 
o 



in one half of the heavens are 
the poles, and never rise or set. 
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(which is above the earth's axis of rotation) coincides with his 
zenith, and he is theoretically able to see all the stars situated 
between it and the cekstial equator which forms his horizon, 

but nona below the equator, 
Such an observer at the 
north pole could never see 
slars in the southern hemi- 
sphere, neither could an 
observer at the south pole 
see stars north of the 
equator. In consequence 
of the .earth's rotation the 
stars would appear to des- 
cribe circles around the 
celestial pole, the size of 
which depends upon their 
declination, {Fig. 72.) Stars 
situated near the equator 
pjg_ ^2 would appear to travel from 

Parts Df Stars to M observer al the ^'^^^ \ 

North <ir Souih Pole, distance above the horuon, 

stars further north of the 
equator would describe circles parallel to these, but of greater 
altitude, and so on, the size of the circles gradually decreasing 
upwards to the zenith, In order to observe a particular star, 
therefore, it would only be necessary to adjust a telescope 
lo the proper altitude, and it could be followed until sunlight 
blotted it out. Thus, stars would not appear to rise above 
the horizon, and afterwards to set below it, as is the case in 
latitudes other than go". 

In middle latitudes Stars occur (i) which never set, 
(2) which never rise, {3) which rise and set.— We have 
shown that the altitude of the celestial pole is equal to the 
latitude of a place. In London, therefore, the pole is 51^° 
above the horizon. Stars whose angular distance from the pole 
is less than this never set to observers in London or any place 
having the same latitude, and are said to be circumpolar. To 
understand this, consider a star to" distant from the pole. It 
appears to describe a circle aroutid the pole at a. constant distance 
of 10", A star whose polar distance is to" appears to travel 
around a circle at the conslant distance of ao". In like manner, 
a star whose polar distance is 51-^° goes io\i'wi -^dsa ^ "^^^ 
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distance of At one point of its journej' il is 51^" above 

the pole, and at another it is 51^° below the pole, that is, 
on the horizon, but it can never go below the hori;;on. The 
sntni.- reasoning applies to any other latitude, all stars bein^ cii- 
cuiii[iol:ir whose disliinco from the pole is less than the observer's 
latitiifle. Thus, the si^e of the circle containing circumpolar 
stars decreases in passing frcm the poles to the equator. If the 

elevation of the north celes- 
tial pole is 5i-|° the south 
pole is depressed below the 
horizon by the Satne amount. 
And it will be seen from the 
accompanying iiluslration 
(Kiy;. 73) that stars situated 
within 51^" of the south 
pole will never rise above 
the horizon of this latitude. 
In other words, stars whose 
distance from the depressed 
pole is less than the ob- 
server's latitude can never 
be seen in that particular 
i-ij,. latitude. Besides the stars 

Paths of Siirsio an observer in tht which never set, and those 
Intilude of London (sij"). which never riSe, others 

may be seen to rise in the 
easE, to travel across the heavens in oblique circles, and to set in 
the west, as shown in the accom panning figure. It will be seen 
that stars above the equator travel along a greater part of their 
path above the horizon than below it. Thus, to an observer 
in London, a star whose north polar distance is, say, 60", 
only has a very small portion of its path cut off by the 
horizon. Stars on. the celestial equator travel alony h;ilf of 
their path above the horizon and half helow it, that is, they 
are above the horizon for the same time as they are below it. 
Stars helow the equator are above (he hortzon for a shorter time 
ilian below it. 

At the Equator all the Stars in the heavens rise and 
set vertically during one complete rotation of the earth. 

— An observer at the equator has the north and south celestial 
poles on his horizon. A star on the equator would rise straight 
up from the east point, pjiss through the zenith, and then sink 
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straight down to the west point. All other stara would rise and 
set vertically and describe circles parallel to the equator. (Fig, 74,) 
The size of the circles, however, depends upon tlie star's declina- 
tion. A star having a declination of 45° would always be seen 
to rise 45" north of east, that is, N.E., to traverse a small circle, 
and to set 45" north of west, that is, N.W. Similarly, stars 
with south declination rise always at definite points south of 
east and set south of west. But whatever be the size of the 
path described by a star, half of the journey is perfornned 
above the horizon and half below it, that is to say, at the 
equator all stars appear above the horizon for twelve hours, 

and are below it for the 
Same time. If the suii did 
not exist all the stars in the 
heavens could be seen in a 
single day by observers at 
the equator. During the 
day (which is always twelve 
hours long) the sun extin- 
guishes the feeble light of 
the slars by the brilliancy of 
its beams, so tbat only the 
stars in the hemisphere 
opposite to that occupied 
by the sun are really seen. 

The cause of the diffe- 
rences in the apparent paths 
of Slars considered in the 
last three sections is thai 
althoug-h the plaue of a 
star's motion is practically constant during a rotation, the plane 
of an observer's horizon may cut it at points which differ accord- 
ing to the latitude of the place of observatson. At the poles the 
plane of the horizon coincides with the plane of the earth's 
rotation, and therefore stars describe horizontal paths. In middle 
latitudes the plane of the horizoTi cuts the plane of rotation 
obliquely, the result being that the stars appear to travel across 
the sky in oblique paths. At the equator the horizon plane is 
perpendicular to the plane of rotation, and therefore the Stars 
move in vertical paths. 




Fig. 74- 

'Paths of Stars to an observer at 
Ihc EquAtor. 
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QUESTIONS ON CHAPTER VII. 

I. Wlial <lifterBnce is t>bscrved in ihe [>lnn of Iho d.-iiiig and setting of llie 
sun (l) At difiercDt times of ihe year al any place iln the Ilrillsh Islts, (l) at 
the summer solstice in dilferenC parts of the northern htmisphcrc 7 (iSgi.) 

1. How has it been shown thnt the plane nf the earth's equator is inclined 
lo the plane of the eelipttc ? What is tW amount of that inclinntioti P (iSgot] 

3. \v}tat dLtferedLes occur in the apparent paths of theaturs across the sky as 

we proceed frojn the equator to the poles ? What is the cause of this differ- 
ence? (18S9.) 

4^ Explain by diagrtms why the sun appears high in Ihc sky at noon m 
etiinnier, and low at noon in winter. (iSSg.) 

C. State what you know concerninE the variadoo in the length of the day 
ODQ nig'ht in different parts of the world at different tiroes of the year. 

6. Why, in this countTy, does the sun appear 50 much higher in the sky at 
noun in autntner thao it does in winter ? (1S86.) 

7- Why are tbe da-ys and sights of different lengths in summer and wiuter ? 
{1885- ) 

8, Stnte aonie of the eflccta of the preccBsit^a of the equinoxes. 



CHAPTER VIII. 
THE MEASUREMENT OF THE DAY AND YEAR. 

Day and Night occur as the rotation of our globe 
causes one half to be turned towards the sun and to be 
in light, while the other is turned away from the sun and 

in darkness. — It is easy to understand how objects may appear 
to move when they are really fixed. An observer in a railway 
train in motion sees every thing outside apparently flying jiast 
him in an opposite direction to that in which he is moving, and 
he knows that the appearance is produced by his motion. 
Similarly, our earth's rotation on its axis causes the appearance of 
movement of the hepvenly bodies in an opposite direction. 

As a consequence of this rotation we get day and night. Let 
Fig, 75 represent the earth and the sun as seen if we were looking 
down upon it in space. The sun can only light up one half of 
the globe at one time, the other half being turned away from it 
will be in darkness. Hence, only one half of our earth can be 
lit up at one time and enjoying day, the other half will be in the 
darkness of night. Consider an observer in England at midday, 
with the sun overhead. As the earth rotates other places are 



THE MEASUREMENT OF THE DAY AND YEAR. 



•brought directly under the rays of our luminary, hence in about 
twelve liours the observer will arrive at a point opposEte the sun 





^"'E'- 75' Cause of Day and Night 



nd it will be midnight ; and in about atioEher twelve hoars he 
ill again have midday. 

Meridians, or Lines of Longitude, are semicircles 
apposed to be drawn on the earth's surface from the 
"octh to the South Pole through any place,— They are 
enerilly reckoned up to 180° W, and 180" E. of Greenwich, 
ut any meridian may be taken as the starling point. Conceive 
he equator divided up into 360 parts and l^t a. line bg drawn 
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Mertdiam aod Parallels. LAAgiluilles Att recliancd from the 
prime meridian. T^titude Irmm the equator. 



ora the north to the south pole through each of them. There 
will thus be 360 lines marked on the earth similar to those shown 
in Fig. 7 6. The direction of each line is exactly north and south, 
*nd any two of them exactly opposite each other form a great 



EI.EMEWTA15V PH VSICiGBAFRV. 



circle which diWdes the earth's surface into two halves or hemi- 
spheres. These lines are called meridians of longitude. At the 
equator the length of a degree is ^J-glh of the circumference of 
the earth, or 6g'i miles. If this be divided up into sixty parts 
or minutes, the length of a minute is found to be i'i5 miles, and 
this length — that is, the sixtieth part of a degree on the equator 
— is called a knot or geographical mile, Hence, 60 geographical 
miles = I equatorial degree = 69-1 statute miles. 

The following table shows the length of a degree of longitude 
in different latitudes : — 



Latitude, 
0° 
to 

30 

30 

40 



in 1' 



Miles 
' of Longitude. 
69 
68 

65 
60 

S3 



Latitude, in I' 
So^ 
60 
70 
So 
90 



Miles 

' of Long^itude. 

44i 
34i 

o 



It is- mariifest from the foregoing lhat the sun will reach its 
highest point at the same time at all places on the same north 
and south line or meridian. When the sun reaches this point, 
which is approximately half-way between the eastern and western 
points of the horizon, it is said to be on the meridian r we then 
have noon or midday, and the time is 12 o'clock. The hours 
before noon are denoted by a.m. (ante meridiem), which signifies 
before the meridian, and hours after noon are distinguished by 
p.m. (post meridiem), meaning, after the meridian. Let the 
meridian passing through Greenwich Observatory be taken as 
the starting point, then there are 180 meridians of longitude 
conceived to be drawn upon the globe west of Greenwich, and 
iSo" conceived tote drawn east of Greenwich^ or 360 altogether. 
Hence 180" west longitude must coincide with 180" east long! t tide, 
and places on this meridian must be in midnight when it is 
Greenwich noon or midday, 

Relation between Longitude and Time.— In conse- 
quence of the earth's rotation the Sun appears to pass over each 
cif the 360 meridians of longitude in 34 hours, that is, at the rate 
of 15" in an hour or 1° in four minutes. The sun crosses the 
meridian at places east of Greenwich before it crosses the 
Greenwich meridian, hence when it is noon at Greenwich it is 
afternoon at such places. Further, when it is la o'clock at 
Greenwich it is four minutes to twelve at places 1° west of 
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Greenwich, and n o'dock at pJaces 15° west. Let a watcli be 
regdated so as to keep enact Greetiwich time, that is, let it always 
indicate 12 o'clock when the sun crosses the Greenwich meridian. 
Take the watch to any part &f the globe and note what is the 
time by it when the sun reaches its highest point. If the time 
, indicated by the watch when the sun was 011 the meridian be two 
hours after noon, then we should know that the sun crossed the 
Greenwich meridian two hours previously, and since two hours of 
time are equivalent to 30° of longitude, we sJiould he in a place 
30° west or behind Greenwich. Hence, at any place west of 
Greenwich the watch would indicate time w/fer nOOn and at any 
place east of Greenwich time ^^/fre noon, when the sun. crossed 
the meridian. For the purpose of determining longitude by this 
means, ships always carry one or more well regulated watches or 
chronometers keeping Greenwich time. It is, of course, im- 
material which meridian is used as the standard of reference. 
The Greenwich meridian is the one adopted in Britain, Paris is 
the one adopted in France, and the Island of Ferro by Germany. 
Efforts have been and are being Kiade to establish a universal 
meridian, hut not with much success. 

The following are some longitudes of towns expressed in angles 
and in the time equivalent to them ; — 

Longitude 
In Angle. In Time. 

Greenwich - - - o" o' o'' oh. om. b. 

Cambridge •-■0541E, 00 aa'S E. 
Dublin - - - - 6 20 30 AV. o 35 zz W, 
St. Petersburg- - 30 iS -22 E. 21 13's E. 
Washington - ■ 77 3 i W, S S ist W. 
Calcutta - - - 88 27 56 E. 5 5^ 52 E. 
Pekin - - - - 116 24 4S E, 7 45 39 E. 
Melbourne- - - 144 58 42 E, 9 39 54-8 E. 
Antipodes Isle- - 179 30 o E, 115^ o E. 

When a place has east longitude the above times represent the 
amount by which local lime is ahead of Greenwich time ; and 
when a place has west longitude, local time is a certain amount 
behind Greenwich lime^ Perhaps the most striking example of 
difference of longitude is brotight out by means of the electric 
lelegrajdi. The time taken for telegraphic messages to travel 
anjj distance on the earlh m.iy be taken as nolhing. If, there- 
fori?, a signal be sent from Greenwich at notwv ^wrj 
Calcutta, although it Irnveh inijl!i.'t\U«cw^\"ji \x. vs. -cit^-^s^ ^ 
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! o'clock in the evehiog local time when it arrives there, and a 
teJegram sent to Dublin at Greenwich noon teaches there about 
ir.30 a.m., local time, 

A Sidereal Day is the interval between two successive 
transits of the same Star over the same meridian.— To 
return to out illustration of the earth's orbit, represented by a 
small circle in a large field, with distant trees in every direction. 

; Let the earth be represented hy a minute ball in rotation. It will 
be seen that no matter in what position the ball may be on the 

I circumference of the circle, so long as the time of rotation is the 
same a particular tree would always appear in the same direction 
after the same interval of time. In like manner the interval 
that elapses between two successive appearances of a star in the 
same position is always the same, and is called a sidereal day. 
It is divided up into twenty-four equal parts called hours (side- 
real) and minutes and seconds as in ordinary time. The starting 
point of the sidereal day occurs when the ' First point of Aries ' 

I transits at any place. The position of this point is accurately 
known to astronomers. When it crosses the meridian, therefore, 
a clock which keeps sidereal time should indicate o hours, o mins., 

j osecs. It is then sidereal noon. In every observatory there is a 
clock which keeps sidereal time. If a star is observed to transit 
when the time by the sidereal clock was, saj-, 14 hours 35 mins. 
i6secs., it is said that the star's rig/U aseension is 14 hours, 
35 mins., 1 5 sec; right ascension may therefore be defined 
as the sidereal time at the moment when a celestial object 
crosses the meridian. It corresponds to terrestrial longitude, and 
the First point of Aries is the equivalent of Greenwich. 

The True or Apparent Solar Day is the time that 
elapses between two successive appearances of the 
Sun on the meridian of a place, and is indicated by a 
Sun-dial. — If we observe the interval of time from noon to noon, 
as indicated by the sun's shortest shadow, on different days in the 
year, we find that it is not at all constant according to our 
clocks and watches. Thus, in September, the solar day would 
appear to be about 50 seconds shorter than in December. A 
clock or watch to keep time with the sun must have its rate 
altered from day to day. It would appear therefore that for 

I a uniform stanclard of measurement of time the sidereal day 
is the most simple, since it is always of the same duration, but 
the southing of the sun at noon is so much more important and 
manifest a phenomenon than the transit of stars, that it has always 
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been used to mark the day in spite of the variability of time from 

noon to noon at different times in the year. 

Why a Day measured by a Star is four minutes 
shorter than a Day measured by the Sun— It has been 

stated that wliereas the interval of time between two successive 
passages of a star aaoss the same meridian is houis 
56 mins. 4 sees., the day as measured by the sun is four minutes 
longer. To understand this, suppose a star could be seen in 
the day-time exactly in the same directioii as the sun. On the 
following day the star appears in the same position four minutes 
before the sun, on the next day ei^ht 
minutes before, and so on, until in a 
year the sun Is about a day behind the 
star. We have shown that this apparent 
easterly movement of the sun among the 
stars is due to the revolution, of the 
earth. If we consider the earth's orbit 
as -circulac, the earth sweeps over a little 
less than 1° a day, therefore the sun 
appears to move away from a star at the 
same rate. The reason for the difference 
between sua-time and star-time will also 
be seen from an inspection of Fig. 77. 
Let A represent the earth in a certain 
position in her orbit, and let the sun and 
an iofinitely distant star be just crossing 
a meridian together ; when the same star 
comes on the meridian again the earth 
will be in the position B, but the sun will 
jj not come on the meridian until the earth 

Ca«se of th« difference '^'f^'^ """^"g"^ }^^, ^' 

between a Solat ami a heace the solaf day IS longer than the 

Sidereal day, sidereal day by the time the earth requires 

to rotate through this arc. The lines a c 
and b e are practically parallel to each other because the stars are 
so far away, so that the earth always rotates through exactly 360" in 
the time that elapses between two successive meridional passages 
of the same star, and therefore a sidereal day must always be of 
the same length, since the time taken by the earth to matte one 
rotation ts always the same. In order to form a solar day, how- 
ever, the earth has lo rotate through the angular distance, 
measured at the sun, which it has passed over \iv \Vi «&s*-,\sx 
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addition to the 360** through which it rotates to bring the star 
on the meridian. This angle is about i", and the earth taltes 
four minutes to rotate through this amount. 

The Mean Solar Day is twenty-four hours long, and 
is the average of the lengths of all the true solar days 

throughout the year. — For the purjiose of convenience the 
lengths of all the days in a year are added up, and the average 
length found and rightly termed the mean solar day. This is 
used for all purposes of civil life, as it marks the recurrence of 
light and darkness, and does not ever differ more than minutes 
20 seconds from the actual length of the day. The civil day, 
or 'day' as generally understood, is of the same length as the 
mean solar day. It is reckoned from midnight to noon, and 
then firom noon to midnight, The astimiomieal day is reckoned 
from mean noon, to meaii noon through 24 hours, and has 
no a.m. or p.m. It begins at iz a.m. civil time, hence the 
civil day is always 12 hours in advance of the astronomical day. 
All clocks and watches should keep mean solar time, and the 
meaning of the expression Greenwich mean time (abbreviated 
G.M.T.) will now be understood to be the time as regulated 
fhy the average interval between two successive passages of the 
sun across the Greenwich meridian. 

The Difference in the Lengths of the Solar Days 
throughout the year is due to C^) The eccentricity of the 
earth's orbit, (3) The obliquity of the ecliptic. On account of 
the lirst cause the earth moves with varying speed in iis orbit. 
In passing from apfielion to perihelion its velocity gradually 
increases, and conversely, in passing from the point nearest the 
sun to that most distant, the velocity decreases. But the 
apparent motion of the sun among the stars is entirely dependent 
upon the real motion of the earth, hence the apparent easterly 
movement of the' sun in the ecliptic is continually varying through- 
out the year. It is greatest in January, when the earth is nearest 
the sun, and leist in June, when the earth is most distant. The 
result is that the day as measured by the sun-dial is longer thaii 
the "mean' day in the former month and shorter in the latter. 
In consequence of the second cause the a|^])a^ent eastward 
motion of the sun is greatest at the sulstices and least ut the equi- 
noxes, and is subject lo 13 constant variation between these times. 

Mean time is time kept by an imaginary sun moving 
uniformly along the equatoratthesame average rate as 
the rea} sun in the ecliptic. — In January the real sun moves 
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througli an angle of i° i ' xo" in twenty-four hours, whilst in 
June the angle described in the same time is only o" 57' iz". In a 
year it travels 360", and if it moved at a uniform rate the angle 

described in a day would be that is, 59' g". This is the 

average or mean daily rate of the sun in the ecliptic. Astrono- 
mers imagine a. sun to move uniformly at this rate along 
the celestial equator, and call it a 'mean sun.' This fictitious 
body therefore travels completely round the equator in 
exactly the same time that the real sun moves round the 
ediplic. The motion of the real sun in the ecliptic gives US 
apparent solar time, and apfarent noon at any place occurs when 
this body crosses the meridian. This is therefore the time 
indicated by a sun-dial. Mean noQii occurs when the imaginary 
mean sun crosses the meridian, and as the mean sun is supposed 
to travel with uniform velocity along the equator, the interval of 
time from mean noon to mean noon is always the same, and equal 
in length to a mean solar day. The time indicated by clocks and 
watches (mean time) is therefore regulated by the mean sun. 

How and why the eccentricity of the Earth's orbit 
and the obliquity of the ecliptic cause the inequa- 
lities of the periods which elapse between succes- 
sive passages of the Sun over the same meridian, 
^Let us first only consider the effect of the eccentricity of the 
earth's orbit, in Consequence of which the sun moves with variable 
velocity in the ecliptic, From the lime of perihelion to that of 
aphelion the sun's apparent velocity is decreasing, whilst from 
aphelion to perihelion it is increasing. Suppose a 'mean '-sun 
with mean angular velocity to start with the real sun at the time 
of perihelion (in January), and move along the ecliptic. At the 
instant of starting the two bodies will cross over a certain 
meridian at the same time, and apparent noon coincides with 
mean noon. The motion of the true sun from successive 
apparent noons will bo indicated by a sun-dial, whilst the motion 
of the mean sun is measured by a clock keeping mean time, We 
suppose, therefore, that sun-dial time and clock lime coincide at 
the starting point. In 24 hours the real sun will have described 
an angle of 1" I'lo", whilst the mean sun has travelled over 
5g' 9". Hence, as far as the eccentricity of the earth's orbit )S 
concerned, the real sun will cross the mc:ridi4n after the mean 
sun. (Fig. 78.) Sun-dial time at this season will therefore Lose, 
when compared with clock-time, TKe \'nS.eiMa\ 
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and real noon goes on increasing so i&ng as the angular velocity 
of the real sun exceeds that of the mean sun, that is, up to March, 
when the velocities of the two bodies are equal. The aun-dia] 
will then have lost about eight minutes when compared with the 
clock. From Mjirch to June the daily angle described by the 
real sun is less than that travelled by the mean sun. The angle 
by which the former body has shot ahead of the latter during the 
first three months is therefore daily decreased, and therefore the 
eight minuteg taki;n by a meridian to pass from the mean to the 
real sun is daily diminished. Thus the sun-dial appears to gain 
from day to day when compared with the clock. It goes on 
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lining until at the time of aphelion (in June) it has made up 
the time that it had previously lost, and the true and the mean 
sun again cross the meridiaii together. Similar reasoning will 
show that the reverse action occurs from the titne of aphelion to 
that of perihelion. From June to September the true sun drops 
behind the mean sun. It therefore comes on the mendian 
before the mean sun, that is, sun-dial time gains. In September 
eight minutes has been gained, but from this month la December 
the same amount is lost, so that in the latter month the clock 
and the sun-dial again agree, the true sun and the mean sun 
again cross the nmidian at the same lime. 

We will now consider tiie elfect of the inclination of the plane 
of thi: tijuator to the plane of the ecliptic — the obliquity of the 
cc/rptic. 
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Suppose the true sun moved in the ecliptic with unirorm 
angular velodtj", and the mean sun moved along the celestial 
equator at the same rate, and that the two bodies were started 
from the first point of Aries at the same irkstant. Each of them 
has, then, the same right ascension, viz., o h. o m. o s. The 
mean sun moving over equal angles along the equator incceasea 
its right ascension by the same amount daily. But the right 
ascension of the sun moving in the ecliptic does not increase a' 
the same rate on account of the obliquity of the ecliptic. Fig. yg 
From the spring eq,uinox to the summer solstice the true sun ■w 




Fig. 79. How the obJiquity of llic ecliptic causes a difference between 
real and apparent time. 

cross a given meridian before the imaginary one moving alon 
the equator. At the solstice both will have described 90°, an 
will cross together ; the imaginary sun then falls behind the tni 
sun until the autumnal equinox, when the two again coincide, I 
like manner, from the autumnal equinox to the winter solstice, th 
imaginary sun gets .-ihead in right ascension, and then falls behin 
to the spring equinox. Tims, as far as the obliquity of the eclipti 
is concerned^ the two suns coincide foSr times a year (the tw 
equinoxes and the two solstices), and therefore cross a giv" 
meridian together at these seasons. The greatest differenc 
between the times of transit of the real and imaginary suns, du 
to this cause, is nearly ten minutds, and occurs about February ig 
May 7, August S, and Novecnber 3. 
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The Equation of Time is the amount to be added 
to or subtracted from true solar time to convert 
it to mean solar time. — The two causes of the inequalities 
in tlie lengths of the days which have just been referred 
to do not, of course, act separately, as lliey liave been con- 
sidered, but together. Their connbined elfect causes sun-dia! 
time at some seasons to coincide wilh clock lime, and at other 
periods to be ahead of or behind it. The difference between the 
two limes is called the ' equation of time.' The effects of" the two 
causes are best seen by conabining'them graphically as in Fig. 80, 
Points are taken along the horizontal line to represent the months 
in a year, whilst tbe vertical line on the left side is divided into 




Fig. So. Graphical repieseptalion oF the Eqaadonof Time. 



equal parts to represent minutes. Starting at perihelion 
(January 1st) the effect due to the eccentricity of the earth's 
orbit is indicated by the curve E E E E, which shows that if it 
alone acted seven minutes would have to be added to apparent 
time to bring it to mean time about April 2nd ; coincidence would 
occur on July ist; apparent lime would require to have seven 
minutes subtracted from it to bring it to mean time on October 1st, 
and on January ist the two would again coincide. The eflect of 
the obliquity of the eclijitic is shown in a similar manner by the 
curve 0000. It will be seen that at several periods of the 
year the two causes act in opposite directions. Thus, in May the 
eccentricity of the earth's orbit tends to make apparent time 
behind mean time, whereas the oblii^uity of the ecliptic tends to 
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make it ahead. In February, each of the two causes tends to matte 
apparent time behind mean time. By combining the two effects in 
Ihis manner all tlirough the year the curve CCCC is obtained, 
which represents grapliically the equation of time. The parts of 
the curve above the boriioutal line show the amounts which have 
to be added to apparent time to bring it to mean Lime at dil^erent 
periods in the year, whilst the portions below indicate the 
amounts which have to be subtracted, The value of the 
equation of time Is given for every day in the year in the 
i 'Nautical Almanack' and other publications. The following 
[ are the dates of coincidence and the maxim um amou nts 
I by which the apparent or sun-dial time diiiers from mean or 



clock, time. 








February 


ti 


... Apparent time J4mins. 33 sees. slow. 


1 April 


^5 


II 


Correct. 


1 May 




It 


3 mins. 54 sees. fast. 


June 


14 


... ,j 


Correct. 


July 


36 


11 


6 mins. is sees. slow. 


Sept. 


I 


■- ■ 13 


Correct, 


1 Nov. 


2 


■ ■ 1* 


t6 rams. iS sees. fest. 


1 Dec. 


24 


>> 


Correct. 



^ The sidereal year is the interval of time that elapses 
' betvi^een two successive conjunctions of the sun with 
the same fixed star. It is 365 days 6 hrs. 9 mins. 9 sees, 

long. — 'When the sun is in conjunction with a star, the two bodies 
I are on ihe same celestial meridian. Suppose a star could be seen 
^^ia conjunction with the sun. A day after, the latter body would 
^■be a little to the east of the former. The distance would go on 
Hincreasing day by day, and in 365 days 6 hrs, 9 rains. 9 sees, the 
BsuQ and the star would again be in conjunction. A sidereal year 
^Bs therefore the lime that the sun occupies to travel around the 
^Beciipdc. To an observer on the sun it lepresenls the exact 
^^time taken by the earth to make a complete revolution along 

its orbit. 

The tropical or equinoctial year is the interval of time 
I that elapses between two successive passages of the 
sun through the same equinoctial poitit. Its length is 

365 days 5 hrs. 48 mins. 46 sees.— If the equinoctial line had 
a iised direction in space the tropical year would be of the same 
length as the sidereal year. But on account of precession the 
vernal equinox advances towards the west 50'a" in a yeac ■, biiwjt 
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the sun, which is moving eastward, meets the equinox: sooner than 
it would otherwise do, and hence the tropical year is shorter than 
the sidereal year by the time Ihe sun requires to move through 
the angle s°"'^> 'hat is, about twenty minutes. 

The anomalistic year is the time that elapses between 
two successive passages of the sun. through the perihe* 
lion or aphelion point. Its leng:th is 365 days 6 hrs. 

13 mitis. 48 sees, — The line joining the solstidal points of th 
earth's orbit (the line of apsides) makes a complete revolution 
towards the east in 108,000 years. The result is that the earth 
has Co go B. Little more than around its orhit (ir"'y7 rnore) in. 
passing from perilielion to ])erihelion, or aphelion to aphelion 
The sun, therefore, has to describe ii''77 more than 360' in 
the ecliptic on account of the eastward movement of these points 
of reference. The time required to pass over this angle is nearly 
live minutes ; hence the anomalistic year is nearly five minutes 
longer than the sidereal year. 

The civil year is of the same length as the tropical 
year. It begins on January ist, and con$i$t$ of twelve 
months each containing a whole number of days.— As 
the times of the seasons are regulated by Che position of the atiti 
with respect to the equinoxes, the average length of the year use'' 
in ordinary life for the measurement of time should be the sam 
as that of the tropical year. Bu! the tropical year does n 
consist of aa eract number of days, hence, in order that th 
average civil year, containing a whole number of days, should b 
equal in length to the tropical year, some civil years must be 
longer than the tropical year and some shorter. In b.c, 46 
Julius CEESar, with the aid of an astronomer named Sosigenes, 
instituted a year of 365 days, and ordained that orie day should 
be added every fourth year (leap-year), so that the average year 
should be 365^ days long. The year began in January, and ths 
spring equinox fell on March 35. Since the length of the 
tropical year is 365 days 5 hrs. 4S mins. 46 sees., and the Julian 
year has a length of 365 days 6 hrs. o mins. o sees., the former 
is ir mins. 14 sees, shorter than the latter. This difference ' 
about a day in 130 years. Consequently the vernal equinox, 
appeared to occur a day earlier every 130 years, until in the ifith 
century (15S2) it fell on March 1 1 instead of March 21, as it did a" 
the Council of Nice (a.o. 325). To bring back the church festivals 
to the position they occupied in a.d. 325, Pope Gregory XIII. direc- 
ted that the following refornis of the calendar should be made. 
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(1) October 5, 158a, was called October 15, thus adding ten 
days, and bringing the spring equinox to March 21. (2) Leap- 
years lo be as heretofore, except that the century years (1600, 
1700, &c.), should only be leap-years when they are divisible by 
400, Thus 1600 and 2400 are leap years, but not iSoo or 1900. 
This change gives three days less in 400 years than the JuJian 
calendar, and makes the average length of the civil year 
365' 2423 days, whilst that of the tropical year is 3<55'2422 16 days. 
In order to make these two numbers exactly equal, a further cor- 
rection of one day has to be omitted from the calendar about 
every 4,000 years. The Gregorian calendar was adopted by ail 
Catholic countries immediately after its formation, but was not 
adopted in England until 1752, ajid is not commonly used in. 
Russia even at the present time. 



QUESTIONS ON CHAPTER VIIL 

[, What is the ' Equation of Time ' and whaL u^e is m^idc a! it ? (iS9a) 
z, What is sidereal and what is niea.li time ? (1SS9, iSf}3.) 

3, What is the relation between Longitude and lime ? Describe; a method of 
Jcieriniiiinj; loriKitade. 

4. What is till; difference in length between a sidereal day and an apparent 
sular day ? Explnin the cause of the difference. 

State the causes of the diflerence in leugths of solar days throughout the 

year. 

6. Define ' sideiealyear,' ' tmpical year,' ' anoioalisde yeoi," ' civil year,' and 
give the kngCh of each. 



CHAPTER IX. 



COMPOSITION AND CHARACTERISTICS OF 
COMMON ROCK-FORMING MINERALS. 

The crust of the Earth is that part of the whole 
mass which can be got at and studied.— The structure 

and constitution of the earth's crust is determined by 
observations of:— 

(i) The materials which make up the surrounding land 

surface ; 

(z) Quarries, railway cuttings, sea-clifTs, wells, and 
mines; 

(3) The materials brought lo the surface by means of 
boring; rods ; 

(4) The substances in solution in springs; 

(5) The products ejected during a volcanic eTuption, 

Such examinations as these enable us to know something of 
the character of the crust down to about 15 miles below the 
earth's surface. And since the highest mountain (Mount Everest) 
is only about five and a half miles above sea-level, we may say 
that Our knowledge of the earth's crust is hmited to a thickness 
of about so miles. Taking, therefore, the radius of the earth as 
4,000 miles, only ^gg^ = ^ of its length is capable of being 
directly investigated. 

The chemical elements of which the Earth's crust is 
chiefly composed. — One half the weight of the rocks which 
constitute the earth's crust consists of oxygen. Silicon is the 
next in order of abundance, and makes up one quarter the weight 
of the crust. The seven elements, which, together with oxygen 
and silicon, form 99 per cent, of the crust, are aluminium, iron. 
Calcium, sodium, potassium, magnesiuni, and hydrogen. The 
following is a table of the estimated proportional weights of 
these elements in the terrestrial matter with which we are 
acquainted. It does not of course represent the constitutioti of 
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the cnist as definitely as if all parts of it had beeri chemically 
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Calcium 


t'Ct 


Sodium 


2"0 


Potassium 


2*0 


Magnesiutii 


I'S 


Hydrogen 


<J'S 


Carbon 




Sulphur 




Chlorine 


Nitrogen, Sic 


Total loQ-o 



For the properties of these elements, see pp. 73—75. 
A mineral is a homog:eneous inorganic natural 
substance, having a more or less definite chemical 

Coniposition. — In general language, all substances lhat can be 
dug up or mined {e. g.y coal) are called minerals. Strictly 
speaking, however, coal is not a mineral, inasmuch as it has not 
a definite chemical composition. Slate, sandstone, and flint are 
common examples of minerals. Although minerals generally 
occur in a. solid form, some (/^., mercury and petroleum) are 
liquid at ordinary temperatures. Simple minerals are those 
consisting of a single chemical element. Most minerals, how- 
ever, are composed o-f two or more elements. 

The minerals most commonly found in rocks are 

tabulated below in the order of their per cetitage proportion. 
Their composition and character are described further on in this 
chapter : — 

Felspars ... ... ... ... 48 per cent. 

Qwarts 35 

Micas ... - 8 ., 

Talc ... S 

Carbonates of Lime and Magnesia . . i „ 
Ampbibole (hornblende) ... 
Pyroxene (augite) ... 

Diallage ... 

Peridot ^olivine) 

Clays 

Various other substances .., 
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MICAS 



TALC 



VANietlS 



QUARTZ 



FELSPARS 



The proportions are shown gT^aphically in Fig. 8i. Felspars 
and quartz are mucfi more abundant than the other common 
rock-forming minerals. Although 
the latter is less abundant than 
the former, when considered as 
a separate mineml, it is really a 
more abundant chemical com- 
pound, because its constituents 
enter into the composition of 
felspars and many other minerals. 

The most important binary 
compounds occurring in 
mineral bodies. — The following 
table shows the proportion in 
which the most abundant binary 
compounds exist in the minerals 
which make up the earth's crust. 
It will be seen tliat silica is by 
far the most common of these 
compounds.^ — ■ 

Names of 
Elements, 
Silicon and Oxygen 
Aluminium and Oxygen 
Iron and Oxygen 
Calcium and Oxygen 
Sodium and Oxygen 
Hydrogen and Oxygen 
Magnesium and Oxygen 



Fig-. Sr. Graphic repreaeni!a.tioB 
(if the proportion of reick- 
faraiing mberals. 



Name of 
Compound. 
Silica 
Alumina 
Oxides of Iron 
Lime 
Soda 
Water 
Magnesia 
Potash 



Other binary compounds 



Potassium and Oxygen 




lOO'O 



The proportions are shown graphically in Fig. 8i. The different 
rocks in which these compounds occur are described later on 
(pp. 171 — ijS). We note here, however, that silica occurs 
abundantly in every rock except limestone. Alumina occurs in 
clays, shales, slates, &c., and in all rocks having felspar or mica 
as conslituenls. Iron occuis in most roclts as oni; or other 
of its oxides. Lime occurs in marbles, limestones, gypsum, 
dolomite, &c. Sodaj in combination with other binary 
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LIME 


SODA 


WATER 




POT- 


! 

f 




RON 






ALUMINA 





SILICA 



Fig. &1. Graphic representalion 
of the projpoilian of binary 
compounds id the eatth's ccust. 



compounds, forms the native 
nitrates and carbonates of soda. 
Sodium occurs in large quantities 
as rock salt (sodium chloride). 
Potash occurs in granite ' and 
fijmilar rocks. 

Methods of Examining 
Minercils. — ^In examining a new 
mineral the lirst thing to do is to 
make a chemical analysis of it, 
and from this determination of 
the proportion of the elements it 
contains J to deduce its general 
formula. Many qualities possessed 
by minerals appeal directly to the 
senses, and in some cases serve 

to identify different specimens. Such characteristics are, smell, 
taste, touch, colour, transparency and lustre (which may be 
metallic, pearlyj silky, etc.). The fraetvt, that is,, the appearance 
exhibited by a broken surface, is also of use in determining the 
texture of a mineral. Some substances are only capable of being 
divided in One or njore fixed directions — a quality known as 
cleavage. The stnaf: of a mineral, that is, the colour of the line 
produced when the mineral is drawn across a sheet of white 
paper or a slab of unglazed porcelain, is often a very characteristic 
test. 

The Hardness of Minerals varies considerably. In order 
to be able to express this character in a definite manner the 
■^following scale of hardness has been constructed; — 



ft 



1. Talc, 

2. Rock-salt. 

3. Calcite. 

4. Fluor-spar. 

5. Apatite. 



6. Felspar. 

7. Rock-Crystal (Quartz). 

8. Topaz. 

9. Corundum. 
10, Diamond. 

Each of these substances can be made to scratch any of those 
preceding it, whilst it can only be scratched by any following it. To 
determine the hardness of a mineral we find out which substance 
of the above scale it is just capable of scratching, working 
downwards from the hardeat member (diamond). In this 
manner h would be found that although a sharp edge of a piece 
of mica will not scratch calcite it will make a scratch on ^Chct- 
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salt. Its hardness is therefore between 2 and 3, and may be 
taken as 2-5, It is useful to remember that minerals having a 
hardness less th.in 2-5 can be scratched by the thumb-nail, and 
those less than 6 may be marked witit a good knife. 

The Specific Gravity of minerals is often utilised to 
identify species. It should therefore be determined with 
precision. One method is to weigh the mineral in air and in 
water by means of a delicate chemical balance. The specific 
gravity is then found by dividing the weight in air by the loss of 
weight in water fsee p. 30). Another method is to obtain a 
non-corrosive liquid having a high specific gravity (say j'j). 
The mineral under examination is placed in this and water is 
added until it just floats. The specific gravity of the mineral is then 
the same as that of the diluted solution, which latter may be 
found by the ordinary specific-gravity- bottle method. The 
specific gravity of powders, such as sand, and substances easily 
broken up is best found by means of the specific -gravity-bottle. 

Effect of raising the temperature. — Magnetic oxide of 
iron is black at ordinary temperatures, but becomes reddish- brown 
on. being heated, and Utharge changes from a browniish colour to 
yellow under similar circumstances. Sorae minerals fuse more 
easily than others. Many substances (^e.g; red oxide of mer- 
cury) on being heated give off gases. In certain cases some of 
the gases re-condense in. the cooler part of the lube, forming a 
sublimate. With mercuric oxide a grey sublimate of mercury is 
formed and ser^-es to distinguish the body under examination. 
The yellow sublimate formed when iron pyrites is heated is 
composed of sulphur, and cinnabar gives a black sublimate 
of mercuric sulphide. Many minerals, when moistened iviih 
hydrochloric acid and held in the flame of a spirit lamp or 
bunsen burner, tinge the flame with a characteristic colour. Thus 
common salt gives a brilliant yellow colouration, and copper a 
brilliant green. Other tests consist in heating a bit of the 
mineral on charcoal in the dame of a blowpipe. Or in touching it 
with a fused bead of borax and noticing the rebutting colouration, 
Finally, it may be observed that eflervescence occurs on adding 
an acid to any curbonate, and gelatinous or powdery silica may 
be separated when a strong acid is added to siliceous minc-rals, 

A Crystal is a many-sided natural solid of definite 
geometrical form, produced when most substances are 
allowed slowly to solidify or separate out of solution. — 
The fortnaCion of crystals has already been considered {p, Ss),nnd 
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is the most important characteristic of minerr^l bodies. In most 
crystals the Tacts' Of 'sides' are plane surf:ices, but in a, rare 
few, such as the diamond, they are slightly curved. The axis of a 
crystal is an imaginary line around which the parts of a crystal ate 
symmetrically arranged. It is impossible to enter at any length 
into the oumerovis crystalline forms in this book. We can 
merely say that crystals are divided into systems according 
to the rdations between their faces and axes, and give a general 
idea of the characteristic forms of each system, mentioning at the 
Bame time minerals which exemplify them i — 

(l) The Cubical System. Eianrplea. 

Three equal axes, each per- Fluor-spar, 
pendicular to the other two. Garnets. 

Galena. 




Fig. 83, 



{i) Tetragonal System. 

Three axes, all at right angles, 
but only two equal. 



Examples. 

Zircon, 

Tinstone. 

Apophylliie. 
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Fig. 85. 





(3} Rlambic Syslem. 

Three axes, all at fight 
angles, and aJl unequal. 

Aragonite. 
Topaz. 
Sulphur (from solu- 
tion). 



(4) Moaoclinic System. 

Two axes inclined to 
each other, and one at 
right angles to both. 
All unequal. 

Examples. 

Cnhoclase. 

Borax. 

Sulphur (after fusion). 



(S) Ttidmio Syslem. 

Three unequal axes, neither 
at right angles lo either of the 
others. 



Eiamples. 

Axinite. 

Copper sulphaie. 
Bismuth nitrate. 
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{fi) Hexagonal Systern. 
Four axes, three equal in the 
same plane at 60" to each other, 
and one at right angles to 
these. 




Examplea. 

Calcite. 
Quartz, ■ 
Emerald. 




Fig. 88. 

It is not to be supposed that the same minerals always occur 
in the same crystalline forms, for as a matter of fact this is not 
so, Thus calcite crystallises in probably more than a thousand 
different forms. This property is known a^sheterovwrphism. The 
point to be insisted upon, however, is that whatever the number 
of forms, thE:y are all mathematically related to each other, and that 
however much crystals of the same substance may vary in form 
and in the relative size of similar faces, the angle between such faces 
remains constant. As shown above, sulphur crystallises in two 
forms, and \s said to be dimorpliems. Calcite and aragonite are 
dimorphous modifications of carbonate of lime, and by heating 
the latter it may easily be made to split up into small crystals of 
the former. 

AU the solid constituents of the crust of the earth are 

called rocks. — The popular meaning of the word rock is a 
mass of stony material, but in geology, such substances as 
sand, gravel, clay and mud are known as rocks, as well as hard 
masses of materials like granite, sandstone and coal. 

Granites are made up of three distinct minerals called 

quartz, felspar and mica.— Granite 's generally of a red, 
white or grey colour. If a piece of this rock be examined it 
wiU be seen to be composed of three distinct substances. One 
of these, called felspar, has a pale ced or white colour, and 
crystals of ir may be distinctly seen lying in numerous patches. 
Mica, another of che constituents, has a brownish or black colour, 
and occurs in glistening crysCaUme vViX^ ^^-aO&sA. 
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a knife. Filling up Che interstices between the other crystals a 
third substance named quartz will be found in dear, glossy 
granules, on which a knife makes no impression. These three 
miiierats enter most abundantly into the composition of rocks, 
[nd they will now be described more fully. 
Silica (SiO,) is the most abundant binary compound 
'hccurnng in mineral bodies. --This, the only known oxide of 
silica, occurs in nature crystalline, as quartz and tridymite, and 
no n- crystalline or amorphous, as opal. Many other minerals are 
mixtures of tlisse varieties wirh each other and with various 
impurities. 

Quartz is the most important form of silica. It occurs in 
rocks filling up the spaces between the crystals of other minerals. 
Its own crystals are generally made up of a six-sided prism 
with a six-sided pyramid on each end. (Fig. S9,) Three sides 
each pyramid are invariably larger than the other three, and 

crystals are olten found 
J. /Ok distorted. But in all 

I / <^s*3 the angle be- 

I ween two adjacent 
sides is the same, viz., 
120^. The sides of 
the prism are always 
marked by transverse 
striations, whilst those 
nf the pyramids have 
a smooth polisheij 
appearance. Rock-crys- 
tal is a pure and 
transparent variety of 
arlz, and is the Brasillau pebble often exhibited by opticians, 
and used for making spectacle glasses. There are numerous 
coloured varieties of which we need only mention amethyst, 
which possibly owes its purple colour to 3 trace of oxide of 
manganese. 

Tndymitt is a second crystalline variety of silica. Its specific 
gravity is 2-3, whereas that of quartz is 3-6, 

Opal is the amorphous, hydrated form of silica. Its specific 
gravity is the same as that of tridyunite, and it differs from 
quartz in being mut-h more soluble in alkuhes, Cfialcfitonv is a 
mixture of quartz and opal. A^aies are chiefly made "up of 
chalcedony and quarts, the silica of which 




Fig. Sg. Crystals of Quartz, 
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they are constituted exisring^ in the crystalline, amorphous, and 
mixed forms. Fiini is a trown or black varkty of compact silica 
which occTirs only in chalk. 

Felspars are silicates oi* aluminium in combination 
with one or more silicates of potash, soda, or lime ; 
after quartz they are the most important rock-forming 
minerals.— The following are the composition^' of a few typical 
felspars 

Orthocla.se or Potash-felspar (K,0,) CAIA) (6SiO,}. 

Albite or Soda-felspar (Na,0) (Al,OJ <6SiO.). 

Anorthite or Lime-felspar (CaO), (Al^O,), (SiO,)^ 
But thrs composition may vary within very wide limits, for 
there is every gradation between the typical felspars given above. 
The purest variety of potash-felspar — santdine—is, as colourless as 
rock-crystal. Felspars show marked cleavage in two directions 
which in orthoclase are exactly at right angles to each other. On 
the other hand, albite and anorthite have their cleavage directions 
separated by slightly less than a right angle. This dilTeceiice 
serves to divide the felspars into two groups, respectively 
represented by orthoclase and albite. Potash is the chief base of 
the former group, which crystallises in the monoclitiic system, 
whilst the latter group crystallises in the triclinic systeni and has 
lime and .soda for the chief bases. Some other characteristics of 
felspars are as follow: (i.) Specific gravity, z'g to 2*8. 
(2.) Hardness, 6. They are therefore softer than quartz, but 
cannot be scratched with a knife. (3.) Very difficult lo fuse. 
(4.) Colour always liightj and usually white, red, yellow, 
or pink. 

Micas are remarkable for their very perfect cleavage 
in one direction. — This eminent ckavage enables mica to be 
split up into thin elastic sheets. The specific gravity of minerals 
of the mica group varies from 2'5 to yo. Their hardness is 
about 2"5, that is to say, mica can be scratched by a knife or a 
bronze coin and generally by the thumb nail. Micas have a very 
complex chemical composition, hence the formula are not given 
in the following list of three varieties: — 

Muscovites ... Silicates of Potash and Aluminium, 

Biotites „ of Magnesium, Iron, and Aluminium, 

Chlorites, Hydrated ,. of Magnesium, Iron, and Aluminium. 
Muscovite varies in colour from white to light brown, and is 
the only mica which occurs in iarge sheets. It ia «i'«(Si>.^'(!^ 
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instead of glass for lanterns or stoves, and in Russia is often 
employed for windows. BioEite is biack, or nearly so, and chlorite 
is green. 

Silicates are formed by the combination of Silica with 

metallic oxides. — In that which precedes it will have been seen 
that a large number of minerds consist of silicates. The following 
are a few more of this group of minerals : — 

fJamB of Minero-l. Chemical Compoaititm. 

Amphibole (Hornblende) ... Silicate of Calcium, Magnesium, 

and Iron. 

Pyroxene (Augite) Silicate of Calcium, Magnesium, 

and Iron. 

Diallage ... ... ... Silicate of Calcium, Magnesium, 

and Iron. 

Olivine (Peridot) Silicate of Magnesium and Iron, 

Serpentine Hydrated Silicate of Magnesium. 

Talc Hydrated Silicate of Magnesium. 

Clay Hydrated Silicate of Aluminium. 

Both the amphiboles and pyroxenes may contain alumina, soda, 
and other oxides in addition to those indicated above. Comnioii 
blaclc hornblende is fairly abundant, and contains a large propor- 
tion of iron, whilst in Irfmeliie, which is found in white or greyish 
crystals, scarcely a trace of iron occurs. AsliesCos is a fibrous and 
incombustible variety of hornblende used in certain kinds of gas- 
stoves. Although the chemical compositions of amphiboles and 
pyroxenes are similar, the former group has a higher specific 
gravity than the latter, and crystallises in a different system. 
The two forms are capable of passing insensibly from one to the 
Other. Thus, if a piece of hornblende be melted and allowed to 
cool slowly, crystals of augite are formed. Diallage is an altered 
form cf augite. Olivine is one of the chief constituents of 
meteorites. When seen in rocks it generally appears in small 
gum-like grains. In the crystalline form it will take a high pohsh 
and may be worked into gems, of which peridot is an example. 
Olivine easily decomposes, hence, in rocks, it seldom presents ils 
crystalline outline or proper clear colour. The chief alteration 
is the taking up of water, and the result is the formation of 
Serpentine — a beautiful mineral much prized for its use in 
making indoor ornaments. Mica is known commercially as Talc. 
The latter is easily distinguished from the former, by its 
/ of elasticit/. It is one of the softest miiietala. The 
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amorphous fomi oT talc is steatite, soapstone, or potslone. The 
purest kind of clay is Kaolin, or Ctiitia-clay, used for the 
manufacture of porcelain. It proceeds from the decomposition 
of the felspLirs of granite. 

And here it may be remarked that flint-glass is a mixture of 
silicates of potassium and Itad, and crown or ivindow glass is a 
mixture of silicates of calcium, sodium, and aluminium. Coloured 
glasses are made by adding certain metallic oxides to glass while 
it is melted, By heating such silicates ns occur in glass, ivith 
water in strong steel vessels, it is possible to separate out silica 
in the form of quartz, having precisely the sa.me characteristics as 
the natural crystals, Garnets, rubies and other gems have thus 
been artificially produced, and recently, by similar means, horn- 
blende, 

Carbonates are formed by the combination of carbon 
dioxide with metallic oxides.— The following are a few 

important carbonates: — 

.^'."'^ , Chemical Name. Chemical 

of Minml. Fontiula. 

Calcite, Carbonate of Calcium ... ,,, CaCOj 

Magnesium MgCO^ 

Calcium & Magnesium CaMg(C03), 



Magnesite. 
Dolomite. 
Chalj'bite. 



Iron . , . 



FeCO, 



Calcite, or Iceland spar, is the purest form in which carbonate 
of lime occurs in nature. If a piece of calcite be placed upon a 
page of a book, or upon a piece of paper upon which a dot has 

been made, two images of the 
object will be observed, one 
of which revolves round the 
Other vhsn the crystal is 
turned. (Fig- 90-) This 
property earns for calcite the 
name of douMe-refracSing spar. 
JlragoniU has the same che- 
mical composition as calcite, 
but it has crystallised differ- 
ently. Itisneither so abundant 
nor sq stable a compound 
as calcite. Marble and limestone are other forms of calcium 
carbonate, Dolomite, or magnesian limestone, is formed by tba 
crystallising together of calcite aw\ Tria'^vi?A\\e,'^^^ Y^as«Tt'^~*i™- 




Fig. 90. 

Doubk refraction by Iceland s|M.r. 
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these two minerals being very variible. Chalybile is a very 
abundant and important iron ore which is also found mixed witli 
calcite. 

Sulphates can be considered to be formed by the 
combinatioti of sulphur dioxide with metallic oxides. 

ANIIVBROUS SULPHATES. 

Anhydrite = Sulphate of Calcium = Ca,SO, 
Earytes = „ Barium = BaSO, 

HYDRA.TED SULPHATES. 

Gypsum = Sulphate of Calcium = CaSO^ + aH,0 
EpsomitB = „ Magnesium = Mg'304+ jH,0 
Anhydrite is a form of calcium sulphate found in nature free 
from water. Gypsum, the hydrated variety of the compoimd, is a 
much more abundant mineral. In the crystalline form it is known 
as seUniU, and ivhen massive, as alahasUry the latter being exten- 
sively used instead of marble for the manufactiire of statuettes and 
other small ornaments. By carefully heating gypsum the greater 
portion of the water of crystallisation is given up, and pimterof 
Fans is produced. If this white powder be moistened, it again 
takes up the water of which it was deprived and sets in a solid 
mass having the same chemical composition as the origi nal gypsuia. 
The common name of bnrytes is heavy spar, in allusion to its 
high specific gravity (4'6). It is a fairly abundant mineral. 
Epsomite is the Epsom-salts of the druggist, and ihe bitter 
solution formed by dissolving it in water is familiar to many. 

Compounds of Metals with Chlorine and Fluorine- 
Name f > ; ,1 w Chemicnl 

of Miaoral. i'omiiilQ., 

Rock-salt = Sodium chloride ^ NaCI 

Sal ammoniac = Ammonium chloride = (NHJCI 

Fluor-spar = Calcium fluoride = CaF, 

Cryolite = Fiuorideof sodium and alumtrium = gNaF + 

AlF, 

Rock-salt is by far the most important and abundant of these 
minerals. It generally occurs associated with anhydrite and 
gypsum. Sal-ammoniac is only found native in volcanic districts, 
Khior, or fluor-spar, is the most important compound of fluorine, 
and is very widely distributed in nature. Unlike the two pre- 
ceding haloid salts, it is insoluble in water. Cryolite is one of the 
chief sources of aluminium, and occurs abundantly in Greenland. 
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Sulphides are binary compounds containing Sulphur. 

— A few of the cojirmonest sulphides are given below ; — 

Nime of MineraL Chemical Name. Chemical Fomiuk, 

Iron-pyrites ... Sulphide of Iron ... FeS, 

Galena „ of Lead ... PbS 

Blende ... ... „ of Zinc ... ZnS 

Iron-pyrites is a very conomoti mineral, and is chiefly used for 
the manufacture of sulphur. It gives the dark blue colour to 
the limestone in the West of England, and muny other rocks. 
Galena is the only important ore of lead. Blende is one of the 
chief ores of zinc. Neither galena nor blende are nearlj' so 
comnion as pyrites. 

Oxides are binary compounds containing Oxygen. — 
With a few exceptions, all Che elements in the crust of the globe 
occur as oxides. These compounds may not make up the mass 
of a rock, but they are nearly always present. Some of the chief 
metallic oxidei are as follows ;— 



Chemjcal Fumiule. 
SnO, 
AI.O, 

2FeA.3H.O 



Name of Mineral. Chemical Name. 

Magnetite ,., Black Oxide of Iron 

Cassiterite ... Tin Dioxide 

HEmatite ,,, Red Oxide of Iron 

Corundum ,., Oxide of Aluminium 

Limonite ... Brown Oxide of Iron 
Magnetite is one of the most widely distributed minerals and 
the most valuable iron ore, containing ahout 72 per cent, of the 
metal, It ia attracted by a magnet, and is frequently so per- 
manently magnetic as to set in a north and south line like a 
compass needle, if pivoted or suspended by a thread. This 
quality gives the mineral the name lodestone, Cassiterite, or tin- 
Stone, is the only important tin ore, and contains about 79 per 
cent, of the metal. It occurs in granite, and also in river deposits, 
fornrted by the decomposition of this rock, In this case it is known 
as stream-tin. Hematite is a very important and abundant iron 
ore, A crystallised variety is known as specular ircn ore .-ind it 
also occurs massive, that is, in masses compoaed of a lar^'e number 
of crystals, as rtd hmnaliie, of which red ochre is an impure 
variety. Corundum is chemically similar to hiematite, and pure 
crystals of it are very valuable. The red ruby ajid blue sapphire 
are corundum crystals, probably coloured by the presence of 
chromium oxide. The emery largely used as a polishing material 
consists of very impure corundum stained with m ci^ ncsn.- 
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Limonite, or brown hKmatite, Is a hydrated iron oxide, that is, 
one containing water (about 15 per cent,). Nevertheless, it is an 
important iron ore, and furnijihes excellent metal, GothiU, 
tur^ik, and liinnile ate also hydrated iron ores, having a. similar 
chemical constiliition to limonite, 

Native elements are those which occur in Nature 
free or uncombined.— Of the 6S elements now known, die 
following are fouLiii native ; — Carbon {as in diamond and graphite), 
sulphur, iron, copper, silverj gold, platinum, palladium, tellurium, 
lead, tin, mercury, arsenic, antimony, and bismuth. Some of 
these, however, are of very restricted occurrence. 



QUESTIONS ON CHAPTER IX. 

1. Name two elements present in groateBt nbundance in the enrth's crust. 
EtnlE wtiit you Imow abont tlie nafurt: of tliesc ctcniEiits. In. what conditions 
do these eltmenls cslst in the earth's cruBt ? ^1890.) 

2. ffaine five very common rock -forming mmernis, and state whnt chemical 
Elemcnta arc present in each of Ihcm, (1S69.) 

3. What is Ihe binary compound which occura in the greiteat abundance in 
the earth's crust and of what elemcntj ia it composed f What minerala consist 
of this suhstance, and with what other binary compounds is Lt found omted? 
(188S.) 

4. Name four hinary componnds of common occurrence, and state the 
elements of wliioli each Is composed. (1SS7. ) 

5. Slate what you know concerning the fonn aud compositioQ of a crystal 
of quartz. ([88(5.) 

6. What 13 silica? \Vhal name is given to silica in llie cr)-stalh"sed form 7 
Witll what substances is silica found combined in the eaclh'a crust ? (1S34,) 

7. Name the minerals which occur in a piece of granite, and descrile tlieit 
chemical composition. <.\&n.) 

S. Name four of the moit common minerals which ealer into Ihe composi- 
tion fif the earih'3 crust and state Ilieeleraenta of M'liii:h each is composed. 

9. State, in the order of their relative abundance, fhc ciglit cheiiiicol 
elements which enter moat larg'cly into the composition of rocks, 



CHAPTER X. 



ASSIFICATION OF ROCKS ACCORDING TO 

THEIR NATURE AND ORIGIN. 

Classification of Rocks into Stratified and Un- 
stratified,— An ej<aminatioii of the rocks that make up the 



Fig. 91. Stratil'ied Rocli, (Prom a Photegmph by VVilion oj AttrdttH.'^ 
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earth's crust shows that they can be divided into two great classes, 
(i) Those that lie in more or less paraJlel layers, as sandstone, 
clay, limestone, shale, &c., are called Stratified, Sedimentary, 
or Aqueous Rocks, the last two names signifying that they 
were formed by tbe deposit of matter once suspended in water. 
(Fig. 91.) (2) Those that are unstratified and show evidence of 
once having been in a melted state, such as basalt and gianite, are 
called Unstratified or Igneous Kocks. We shall liist consider the 
latter class. 

Distinguishing characteristics of Igneous Rocks. — 

Nearly all stratified rocks rest on igneous rocks, and it is 
only in a few districts that the latter are found at the surface. 
Igneous rocks occur in Cornwall, ^Vales, and Scotland, in masses 
of some extent, and form the rugged hills and crags which make 
the scenery of these places so picturesque. But other parts of 
Britain only contain fragments here and there, which apparently 
have been transported from other parts in past ages. Igneous 
jocks exhibit no true signs of having been deposited in layers. 
They have every appearance of rock which has been melted 
and forced up from the interior of the earth just as lava 
and dust are thrown out during volcanic eruptions at (he present 
time and by cooling and pressure get hardened into rock 
masses. 

Volcanic and Plutonic Rocks.— During a volcanic eruption 
immense quantities of melted rock are thrown into the air with 
escaping steam and various gases. Much of the ejected material, 
known as volcanic ash, is extremely fine. This, mixed with the 
condensed steam which falls as rain, forms a mud which eventually 
becomes a hard rock known as volcanic lirff. The rough cindery- 
looking fragments ejected are termed scoriae or lapilli according 
as they are large or small. Streams of melted rock called lava 
also flow from the sides and top of a volcano in action, and 
gradually cool down and consolidate into cock. Under some con- 
ditions (see p. 917) clots of lava are shot out from a mass of 
molten rock, and drawn into fine threads, forming what has 
been termed Pele's Hait by the natives of Hawaii, where 
it is abundantly produced. Volcanic ash and lavas which have 
been sent out from volcanoes in this manner form volcamic 
rocks when they solidify. The melted rock in what may be 
called the reservoir of a volcano, cools much slower than that 
in contact with the outer air, and is subjected to a far greater 
pressure owing to its position deep down in the earth. These 
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conditions are favourable to the development of crystals, hence 
the minerals in such rocks sepa.rate out in the crystalline form. 
Deep-seated igneous rocks, or pluionic rocks, are therefore dis- 
tinguishable from volcanic rocks in being distinctly crystalline in 
structure. The difference between the two classes is brought 
about by difference of position at the time of solidification. 
Utilising this fact of crystallisation, igneous rocks are divided 
into two great classes termed crystalliKs and fragmmtal. 

Rocks belonging lo the first of these classes are built up of 
numerous crystals, those of the second class are made up of 
broken fragments of all Sorts and sizes. The crystalline igneous 
rocks maybe sub-divided into those in which no definite ariange- 
ment of the crystals occurs (e.^., granite), and those in wldch the 
crystals are arranged in more or less parallel lines, known as 
schistose rocks. In granite the crystals are large enough to be 
seen with the naked eye, but in many rocks tiiey are only visible 
with the aid of a lens. The fragmental igneous rocks are 
exemplified by the material throTvn out during a volcanic 
eruption and afterwards consohdated. 

The Substances present in lavas are mainly silicates of 
aluminiuin, magnesium, calcium, iron, sodium, and potassium. 
The silicates are salts formed by the combination of the acid 
Bilica {the ' oxide ' of silicon) with ' OKides ' of these metallic 
elements, such compounds being bases. Oxygen, therefore, is an 
abundant element in lavas, and, as a matter of fact, it forms about 
50 per cent, of the weight of all of thera, Silicon generally 
makes up about 25 per cent, of the weight of lavas. Silica is always 
present, but the proportion varies from 60 to So per cent, in acid 
lavas such as trachyte, to about 50 per cent, in lavas such as 
basalt. 

Igneous rocks may be divided, according to their 
chemical composition, into acid, intermediate, basic, 
and ultra basic. — Igneous rocks always contain silica in com- 
bination with different bases, and the proportion in which it 
occurs furnishes a means of classification. It will be remem- 
bered that silica, being an oxide of a non-meCallic element, 
plays the part of an acid and combines energetically with 
metallic oiddes such as alumina, soda, and lime. Rocks con- 
taining a high percentage are known as acid, those in which 
the percentage is low are known as bask rocks ; rocks between 
these two extremes are termed intermediati. As a rule the 
specific gravity of acid rocks is less t.Ka.U V.\\aX. ■■m.\.fc\TOSL&aS*. 
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ones, and less in these than in basic rocks. The following are 

examples of this ; — 

Character. Name. Specific Gravity. 

Acid Granite 265 

Intermediate Syenite a'So 

Basic Gabbro 2 '95 

The classification of igneous rocks according to their chemical 

composition is perhaps the best method. We thus get the 
arrangement shown in the following table: — 



Table of Igneous Rocks. 

Structure. Acid Rocks. Intermediate Rocks. 



Granitic 



Granite 



'a 
o 

> 



Lavas 



fLii 



Syenite 

Diorite 
Trachyte 



Basic Rocks. 
Gabbio 

Dolerite 
Basalts 



"Liparite or 
Rhyollte 

Obsidian Andesite Tathylyte 

/ Pumice Pumice Scoriae 

1 Rhyolite Tuff Trachyte and Lapilli 
FragmentaK Andesite Tuff 

j Ash Ash Pelt's Hair 

(, Ash 

Characteristics of Acid Rocks. — These rocks contain, on 
the average, from jo to 75 per cent, of silica in combination with 
the bases alumina, potash, soda, etc. They generally contain 
mica as muscovite, but biotite, the black variety, is sometimes 
found. Rocks entirely made up of crystals are termed granitic, 
because of the similarity of their structure to that of granite. 
Common granite is, as we have seen, made up of quartz, felspar, 
and mica. The quartz is generally colourless ; the felspar mainly 
occurs as orthoclase, and varies in colour from red and pink to 
white. The mica is sometimes found as muscovite in enormous 
quantities, but biotite is occasionally present. In some cases 
the mica is replaced by hornblendCj and the rocks are then known 
as 'hornblende granites.' 

Rhyolites are lavas consisting of similar materials to those of 
granite (which they much resemble),, but in all of them the rock 
base qqiiiains some vitreous or glassy substance. Obsidian is a 
glassy laviL possessing a perfectly vitreous lustre, and HicAstone 
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a similar rock in wliich the lustre is dull or semi-vitreou^. 
Obsidians and pitchstones, like puitiice, occur toth as acid and 
intermediate rocks, and to distinguish them they must be 
analysed or have their specific gravities determined. 

Intermediate Rocks. ^ — In intermediate rocks silica is present 
in the proportion of from 55 to 55 pet cent. The proportion of 
alumina is the same as in basic rocks (about 15 per cent,), but 
the alkalis are smaller in quantity. MuscovTle is seldom found in 
these racks, and quartz is not an essentia! constituent of them. 
Syenite is a rock built tip of crystals of orthoclase and hornblende 
or mica (as biotite) ; but, unlike granite, it contains no quarti. In 
some cases, however, quartz occurs as an accessory mineral, and 
the hornblende is replaced by augice. , Trachytes consist of 
orthoclase set in a matrix or ground mass containing glassy matter. 
They can only be distinguished from obsidians by a, chemical 
analysis, and by the determination of their specific gravity. 
Diorltes or greenstones are composed of soda-felspar and horn- 
blende, and present every gradation between the vitreous types 
of rocks and those entirely made up of crystals. Andtsitts are 
the lavas corresponding to diorites. They are very common 
ipieous rocks, and are called hornblende-, mica-, augite-, or " 
quartz-andesites according to their constitution. 

Basic Rocks. — These rocks have a hifjh specific gravity 
(from 2 '7 to 3). They only contain about 50 per cent of silica. 
The proportion of alumina does not difler much from that in the 
two previous groups, Plutonic rocks of the basic group are 
known by the genml name of Gabbro. Their structure is like 
that of granite — wholly crystalUne — ahtiough the constituent 
minernb are different. These minerals are lime-fdspar, and 
augite, which is very often altered to diallage. Olivine is generally 
present; indeed this mineral is almost as characteristic of basic 
rocks as quartz is of the acid group ; and magnetite is of frequent 
occurrence. Bamlts are the lavas corresponding to gahbro, and 
the rocks intermediate betiveen the two are tailed Diilerit(s. 
These have not a perfect graniticsttuclure like gabbro, nor do they 
usually exhibit the black granular appearance of basalt. The 
■crystals of augite and felspar in them are visible to the niiked 
eye. Where a basic rock has cooled rapidly in contact with 
another, a black glassy him known as TachylyU is formed, which 
difftrs from obsidian in having a higher specilic gravity, and in 
being easily fused. 

Ultra-Basic Rocks include those clvB.^?wc)i.«\^.^i. a.-^wi 
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low percentage of silica (35 to 45 per cent.), and a very high 
Bpecific gravity (3 to 3"8). They have approximately the same 
composition as stony meteorites, and from ihera we get an idea of 
Ihe constitution of the great mass of the interior of the earth's crust. 

Aqueous rocks are derived from, the decomposition 
of Igneous rocks.— We have previously shown that granite, 
an igneous rock, is composed of quartz, orlhoclase (silicate of 
potash and aluniinia}f and mica. The silicate of potash is easily 
decomposed, and the sulphates, chlorides, and carbonates which 
are formed soon get washed away. Silicate of aluminium is not 
so easily broken up, but has a tendency to take up water and 
thus become a hydrated silicate. The quartz when disintegrated 
forms sand grains. We, therefore, get two insoluble substances 
produced by the decomposition of granite, viz., silicate of 
aluminium and sand grains, and these give rise to the two classes 
of aqueous racks known as argillaceous and siliceous. The 
soluble portions give rise to calcareous rocks. 

Classificatioii of Aqueous rocks. — The following table 
cKhibits a division of the aqueous rocks according to their mode 
of formation. It also shows the rocks which are siliceous, argilla- 
ceous, or calcareous, that is, those which consist mainly of silica, 
clay, and lime respectively : — 

Table of Aqueous Rocks. 

Siliceoos. AigHflaceous. Calcareous. 

rGravels Mud and Silt Shell and Coral 

Sands Clay Sand 

Sandstones Shale 
Grits 

Sihceoiis Conglomerates 

Breccias 

Flint and Chert Kaolin 
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^ /"Polishing Slate 
I'SjS UTripoll powder) 
■£ E g-^ Sinter 

^.ac4 1 Travertine 
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Calcareous 
nodules and 
concretions 
Stalactites and 
Stalagmites 

Calcareous Ooze 
Coral Reefs 
Oolitic and other 

Limestones 
Chalk 
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Clay is a hydrated Silicate of Aluiaina,.— Kac'U", the 
purest kind of cby, has a tolerably definite chemical romposition, 
expressed by the formula (ALO.), (2S1OJ, (aH.O). It is chiefly 
derived from granite by the decomposition of felspar in Ihenianner^ 
indicated before. Clay possesses the remarkable property of be- 
coming plastic when wetted, and so can be moulded into any 
desired shape. Its abiliiy to hold water is well known. I'ire-days 
contain a certiin amount of free silica, and are infusible, 

Shale is comiiressed or har- 
dened clay, which may be split up 
into thirj layers or lamin.'e along 
the lines of stratification or bed- 
ding. A distinction between 
clay and shale is that the latter 
contains carbonaceous matter. 

Slate, or diny-slaU, has nearly 
the same composition as clay 
and shale. It difTers from these 
in the important fact that it splits 
into lamiuK along totally different 
lines to the lines of stratification. 
(Fig. 92.) This diiFerence indi- 
oiles that the cleavage is a 
structure induced upon the rock 
af^er it had been deposited. 
Some experiments have been 
niade which prove that cleavage can be caused by pressure. 
A mass of pipe-cUiy, throughout which micaceous particles were 




rig. 92, 

A fragment of ilale tui into a ihin 
siii^e and highly magnified. 




t 

Fig. 93. Pingfraui nf a Mass of Clay mixed 
with scales of Oxide of Iron before and 
after (ireisare. (X) shoii's llie majs in 
ils originiil conililicin, wilh the scales 
promisciinuslT sc.iUi;rvd Llirriuj;hi.iiit Jl. 

(U) atioivs tfw saint ma.'** aflec toniprea- 
sioa, with the scales anan^ed in lines 
running at right nngles to tbe^enfiNM, 
the 6,1.1 aciXoR ol ^^e^^^^«s^^il^^■Q'^,™^'*^^ 
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distributed, was subjected to pressare so that it was flattened. 
It was then found that the particles were all arranged at right 
angles to the direction of the pressure, and that the mass could 
be split in this direction, whereas previously there was no 
'defijiite arrangement, no tendency to sjjlit along any particular 
hnes. (Fig. 93.) 

Loam and Silt are unconsolidated mixtures of clay and sand. 

Calcareous Clay or Marl is a mixture of clay, with a 
variable quantity of lime. 

Sands are loose grains formed for the most part by 
the decomposition of granite and similar rocks.— Sanda 
are of various colours, as every one knows, but if some grains be 
broken it will generally be seen that the colour is only skin-deep, 
and that the inside is colourless. In fact, sands consist mostly 
of clear quartz grains, and their red, yellow, or green colour is 
due to a thin coating of some compound of iron. The sands 
first formed by the disintegration of granite rocks are angular in 
appearance, and the different constituents — the clear quartz, 
dusky felspar, brown mica, and brown-green liornbleiide — can be 
easily distinguished under the microscope. On the other hand, 
sand grains from a desert, which have been blown about and 
rubbed together by the action of wind, are considerably rounded 
and polished. Water-worn sands have not the very rounded 
appearance usually ascribed to them. 

Sandstone is consolidated Sand. — By pr^ure, and the 
deposition of some cementing material, sand grains are bound 
together and form a solid rock, satidslone, the colour of which 
depends upon the compound of iron which is present. Quartz 
is usually the main constituent, but felspar and mica are also 
found. Calcarmis sandstones consist of fine sand particles, 
cemented together by carbonate of lime. Argillaacus sandstones 
contain clay. Some fine-grained varieties are more or less lami- 
nated, that is, they split in the planes of stratification. These are 
called Jiagsfems, and are used for paving purposes. Gritstone is 
s coarse and siliceous tock, containing coiupamiively large grains. 

Conglomerate, or pudding-stone, is a mass of con- 
solidated gravel or shingle, the pebbles being rounded 
and water-worn, and set in some kind of matrix or 
cement — The appearance of the pebbles in conglomerale 
(Fig, 94) is a certain indication of their having been lounded by 
water action, and, were the cementing material taken away, we 
should evidently h&we left a heap of gravel, such as form many 
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sea-beaches. The consolidation of a gravel-bed is caused by 
water slowly filtering through it and depositing carbonate of lime, 
iron oxide, silica, ora mixture of these compounds, upon the saad 




Fig. 94. A piece of CongldTOerale ot Pudding Stone. 



and pebbles, uoti! the spaces between them are filled up. Qmrtsese 
and Linu^tme ■conglonierates consist chiefly of quartz and lime- 
stone pebbles respectivelj'. 

Breccia is a mass of large angular fragments ce- 
mented together in a similar manner to conglomerate. — 

Sut:li roclcs as these are formed by the consolidation of materials 
broken off from rocks by frost and other agencies. 

Stalactites and Stalagmites. — The soluble substances 
[iroduced by the disintegration of igneous rocks are generally much 
less in amount than those insoluble in water. Rocks are formed 
from such substances by chemical deposition or precipitation. 
Water containing carbon dioxide in solution has the property of 
dissolving limestone or carbonate of lime. Rain-water and 
spring-water always contain a certain quantity of tliis gas, and so 
always possess this property. Hence, when such water percolates 
through limestone it dissolves some of the calcium carbonate, 
If it reaches an underground cavern, — and many caverns are 
produced in limestone by water dissolving away this rock — so^mc 
of the carbon diow'de escapesj and since the water uinnol then 
hold as much calciimi carbonate as at first, some is deposited as 
a white film and eventually a rod or tube of the material is 
formed. Suclh growths an; called sCalaclites. When the water 
hanging from the end of a s.talactite drops to the gjoivmdfi.^\iKCMEs, 
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evaporation takes place, the resulting growths known as s/alag- 
mif€s being formed. These growths increase in size until the 
two meet to form a column of stone. Such masses cover 
large portions of the Iloors of caverns, and are important 
geolog'ically, as they seal up and- preserve bones and other organic 
remains. The production of stalactites may be seen on the 
under surface of many arches, or on the vaulted roof of a cellar, the 
carbonate of lime being derived in thtse cases from the mortar. 

One of the most beautiful stalactite caverns in England 
occurs in the carboniferous limestone cliffs of Cheddar in 




^'S- 95- ^^''^ °f * Stalactite Cave HI Ctieddar, Sorneraeishire. 

(From a Pkiftograph by Fri/Ji, to'iih permission of Mr, Cax.') 



Somerset. It was accidentally discovered by Mr. Cox in 
1839, and Elihu Burritt said of it ' In delicacy of execution, 
its water sculpture far surpasses anything tliat I saw in 
the Mammoth Cave in Kentucky. The colotirs of the stalactites 
range through pale shell-like pinks and ambers, rich, warm, 
velvety browns, the colours of crusty loaves, and those of 
nisty iron and Ochreish earth. Some of them when struck emit 
a series of musical notes, clear and mellow as those of silver bells, 
anA at their points gleam like diamonds the pendant drops of the 
^\-er'falimg water.' A general view of some of the formations to 
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be seen in the cavern is given in Fig. 9^, One of the most 
beautiful objects is n stalactite with a serrated edge hanging from 
the roof in folds like a curtain. And with a slight exercise of the 
imagination it is possible to recognise the various forms pointed 
out by the guide. In one place a brown loaf, a mununy, a 
Hindoo Wmple, and in Whers a fat goose, turkeys, carrots, and a 
font filled with water may be distinguished. The stalagmites are 
from four to fifteen feet high, and their curious shapes, with those 
of the hanging stalactites, are reflected in the water on the floor 
of the cave, and furnish a picture of exquisite beauty. 

Travertine, or calcareous tufa, is the name applied to the 
loose organically deposited carbonate of lime. It is largely found 
in Italy. Water, upon coming to the surface, after circulating 
through limestone in a volcanic region, contains carbonate of 
lime, and there is evidence that this is secreted and deposited 
by Algae. If this action continues for a long time beds of 
travertine are formed, which may fill up valleys or the basins of 
lakes. 

Rock-Salt, or sodium chloride (NaCl) is found in beds of 
varying thickness. The greatest mass of rock-salt in the world 
occurs at Wieli«ka in Austria. The salt mines of Cheshire are also 
well known, In a pure condition rock-salt is white, but usually 
it contains other chlorides mixed with clay, sand, Sec, and is red, 
blue, green, or brown in colour. It was at one time dissolved 
in water contained in enclosed basins where the total amount of 
water supplied by springs or streams was less than that lost by 
evaporation, The saline matter thus accumulated and die salt- 
ness of the water therefore increased until the basin became filled 
with a solid deposit. The same process is going on in the Dead 
Sea, the Great Salt Lake of Utah, the Caspian Sea, and the Sea 
of Aral. A pound of water taken from the Dead Sea and careMly 
evaporated leaves behind a quarter of a pound of solid matter, 
which is about seven times the amount found in ordinary sea- 
water. In like manner, a pound of water from the Great Salt 
Lake leaves 3^ ounces of solid matteT. There is therefore 
no diflict]lty in understanding how enormous masses of rock- 
salt were formed by the slow evaporation of the bodies of 
vrater which originally contained it in solution. On account 
of its solubility in water rock-salt is only found near the 
surface in very dry countries. Generally speaking, in passing 
down from the surface to a formation containing the salt-, 
one would first arrive at sl raass ^\v\c)cv, \iewL^ tsa^*:&. "^"i 
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ter from (Tie surfacCj esfsts in a. semi liquid condition. This 
is pumped to Ihe surface as brine and evaporsted to procure 
the salt. After this a bed of red marl may occur, and then the 
proper rock-salt is found in a very flrni and well crystallised con- 
dition. This is not reached by surface water and is worked in 
chambers with pillars left to support the roof. 

Glauconite Marl. — in sonte cases shells of foraminifera 
(minute marine orijanisms) are more or less filled with glauconite 
— a hydrous silicate of iron, potash, and alumina. If the shells 
are dissolved away by means of a weak acid the greenish-coloured 
silicate is left in the form of casts of their interior. 

Flint and Chert are concretions which frequently contain 
shells, sponges, &c., round ■which they formed on the sea-Uoor. 
The former mineral occurs in no rock but chalk. In some cases 
the calcareous shells are entirely replaced by siliceous materials, 
silica being gradually substituted for the original carbonate of 
lime. 

Gypsum, or calcium sulphate (CaSO,), occurs in beds usually 
associated with red-clay, rock-salt, or anhydrite, and sometimes 
with dolomite. It is mainly produced, like rock-salt, by precipita- 
tion from solution in water. When a portion of sea-water is 
evaporated the first substance given up is gypsum, hence it is 
the first mineral deposited on the floors of salt lakes and inland 
seas. 

Dolomite occurs in massive beds as magnesian limestone, 
although the relative proportions of the carbonates of calcium and 
mapiesium vary considerably. It is formed by the evaporation 
of water containing saline matter in solution, and is, therefore, 
generally associated with rock-salt and gypsum. 

Sinter is a variety of silica deposited around many hot springs, 
such as are found in the Yellowstone Park of the United States 
and New Zealand. Evidence has recently been brought forward 
that sinter is an organically-formed rather than a chemically- 
formed deposit. 

Other chemically-formed minerals are hsematite, mag- 
netite, and other iron-ores, which occur mixed with clay, sandstone, 
shale, limeston^e, etc,, and have generally been deposited on the 
floors of lakes or beneath marshy ground. 

Metamorphic aqueous rocks are those which have 
had their structure more or less altered since they 
were originally deposited. — We have stated that aqueous 
or sedimentary rocks are produced by the crumbling away of 
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igneous rocks. As the layers of sediment accumulate those first 
deposited are buried deeper and deeper. They, therefore, are 
subjected to enormous pressures and hi^h temperatures, and 
iliese, acting for a long perFod, cause changes of structure 
and composition to take place, the resulting production being 
righlly termed mefamOrphic rocks. Metamorphism is also pro- 
duced by tlie passage of masses of heated lava thraugli 
sedimentary rocks. Metamorphic rocts are sometimes so highly 
ct^stalline that they cannot be distinguished from igneous rocks. 
Indeed, it is probable that there is a complete sequence of 
changes from igneous to sedimentary rocks, and from sedimentary 
to igneous again through noetamorphic rocks. If this be true, 
the materials of the earth's crust may have undergone the trans- 
fortnation several times. 

Slates are argillaceous rocks showing cleavag-e- 

Structure, — Slale is mainly a hydrated silicate of alumina, like 
shale and clay. It was originally deposited in lay«rs, and was 
then capable of splitting ia the planes of bedding. The cieavage- 
slructure was produced by the action of great lateral or side pressure 
ivhereby llie particles were re-arranged so as to have their longer 
axes perpendicular to the direction in which the compression had 
taJcen place. There is always a tendency for certain minerals to 
develop in slates, hence we find mica, talc, clay, and chlorite- 
slate, the long axes of the minerals being parallel to the planes of 
cleavage. Sometimes clay or shale has been converted by beat 
into a splintery rocic without cleavag-e, called Homstone. 

Schists, or foliated rocks, consist of crystalline 
minerals arranged in separated 'folia' or leaves. — 

Schists differ from ordinary stratified formations in the following 
important characteristics : — (i) The layers are made up of different 
minerals and not different rocks; {a) The 'leaves' of mineral 
matter can usually only be traced for an inch or two, whereas 
strata can generally be discerned for a considerable distance. 
Rocks having this appearance are called ' schists,' or are 
said to have a 'schistose" structure. It is u^ual, however, 
to use the former word as a suffix to the names of the minerals of 
which a foliated rock is mainly composed. Thus, Mica-sehtsi 
consists of alternate irregular layers of muscovite and quartz; the 
tnica generally formed of a number of small plates firmly com- 
pacted together, and the quartz more or less resembling vcw,.- 
quartz; many varieties only coriVa\u q^'kx.i.. "Ss. tiiSKo-' 
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a minulely comigaLed or crumpled structure. Quarls-?e74ist lb 

chieily quartz with a small quantity of mica, and Hornblende-schist 
is made up of quartz ami liuniblende. Tith-schht occurs witli 
talc in foliated layers aiid quartz, often la the form of nodules. 
Since llie foliation and re-crystallisation must have been produced 
after llie deposition of those minerals, the rocks in which they 
occur are truly nietamorphic sedimentary rocks. 

Gneiss is a foliated rock containing felspar (mostly 
orthoclase), mica, and quartz.— Mica-schist thus merg-es 
into gneiss by the addition of felspar. Gneiss mainly differs 
from granite in the iact that the constituent minerals are not 
scattered indiscriminately through the mass, but ate arranged 
in irregular lenticular layers or 'folia' similar to those just 
described. Gneisses are frequently made up of granules 
arranged more or less in layers. They are then said to te 
' granulitic,* and are rich in quartz and poor in mica. In 
grairitf gneiss the foliated arrangement is often unrecognisable, 
and in some granites slight traces of foliation may be seen round 
ihe edges. These intertnediate rocks, therefore, connect the 
jnetamorphic with those of igneous origin. 

Quartzite is a hard, fine-grained rock, formed hy the 

re-crystallisation of a sandstone.— Quartzite, when micra- 
scopically examined, is seen to be made up of grains of quartz-sand, 
a schistose structure being developed iti the lilaSS by variable 
quantities of fflspar, mica, laic, etc. The interstices between the 
grains have been filled up by silica, probably produced by the 
action of heiited water upon the quartz, and afterwards deposited. 
This is supported by the fact that Ihc grains seem to run into 
each other. 

Marble is crystallised carbotiate of lime (limestone) 
having a fine-grained structure. — Pure marble is vhite. 
There are, however, numerous varieties, of dilferent colours and tex- 
tures. A thin slice of marble when magnifit-d is seen io consist of 
granules of calcite. Any impurities which may have existed in the 
limesKine before the change was brought About re-crystallise with 
the carbonate of lime, and become arranged in the different 
coloured streaks which so commonly occur in marble. 

Crystalline lielomile is very similar to crystalline limestone, 
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QUESTIONS ON CHAPTER X. 

t. What are lavas? Of what ehemtei] elemeuls are lavas «hie(ly 
composed. ? (iSSS,) 

2. IIow are conglomerates formed ? (iSS^.) 

3. In what respect do slaLe and aJiale respettlvely rUfler ftom dsy} (1881.) 

4. How is kaolin derived from granite? Describe Ihe several sisgea of 
the process. (iSSo.) 

5. 0/ what malcrials are clay, shale, and slsle chielly composEd, and in 
what respects do these rocks dilTcr from one another? (1077, ) 

6. Hiiware igneous rocks classified according to their chemica.1 ccmstilu- 
tion ? Give nin example of each qIhss. 

7. How ars sands and sandstones fo'rmed 7 

ft. What are stalactites and stakgmiles? Describe their mode of fonnation. 

9, What arc melaniorphic rocks ? How a.re they formed? What me the 
chaTScteri sties of mica-schist and gneiss? 



CHAPTER XI. 



ROCKS OP ORGANIC ORIGIN; THEIK STRUCTURE, 
COMPOSITION, AND MODE OF FORMATION. 

The cHef chemical elements found in plants and 
animals are carbor, hyflroiien, oxygen, and nitrogen. Plants 
obtain the carbon from the carbon dioxide (COJ in the atmo 
sjiherCj and oxygen and hydrogen from water (H,0). Nitrogen is 
taken from ihe ntnios|>here by ihe leaves, and from the soil by the 
roots. Plants have the power of tr.-insfoi*ming these elementary 
substances into the com|>l!cnted ones required for thelt existence! 
Animals are unable to do ihts, aiid are thtts dependent upon 
])lants for tho consliluents necessary to build up their frames. 
During life |)lants evolve ovygen and reuin carbon dioxide, water, 
ammonia (NHj), and various iiiorg.inic salts; animals lake and 
use up oxygen from ihe atmospherej and evolve carbon dioxide, 
water, and olh^r oxidised products. The first substances com- 
monly formed when vegetable and a.'ci\T&'!i tMittet iitc^.H ^w.*. 
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ammonia, carbon dioxide, and water. These are returned to the 
atmosphere. Tlie soluble salts in the organism are then dissolved 
away and diifused among the water of our g!obp. Chemically 
speaking death is but a charge of complex into simpler sub- 
stances. This ia well put by rrofessor Huxley, in his 'Lessons 
in Physiology,' as follows : — 'The sun's rays, acting throngh the 
vegetable world, build up some of the wandering molecules of 
carbonic acid, of water, of ammonia, aod of salts, into the fabric 
of plants. The plants are devoured by animals, animals devour 
one another, man devours both plants and other animals; and 
hence it is very possible that atoms which once formed an integral 
part of the busy brain of Julius Cissar may now enter into the com- 
position or Cssar, the negro, in Alabama, and of Ciesar, the 
hO'Use-dog, in an English homestead.' 

Some plants possess the property of separating 
calcium carbonate from water containing it, — The plants 
which have this property belong lo the Alga; group, and include 
sea-weeds and such fresh water plants os live exclusively under 
water. Many of these plants become quite stony in character, 
in consequence of the absorption of calcium carbonate into their 
tissues. Others do not precipitate the carbonate within their cell 
walls, but become coated on the surface only with a white 
amorphous crust of the material. Chalk, aad the white mud 
brought lip from a part of the Atlantic having a depth of about 
2,Qoo fathoms, contain a large number of minute calcareous 
bodies, called coaolithx. Occasionally these unite to form 
spheroidal masses termed caccospherts. Whether they are the 
remains of plants or animals is not definitely known, but in all 
probabihty they belong to the former. 

Animals which separate carbonate of lime from water 

containing it. — In both the plant and anir lal kingdom the 
lowest forms of Jife separate the highest proportion and greatest 
quantity of lime from the water in which they live. The Prctosoa 
— one of the lowest forms of animal life — consist merelyofasmall 
jeliy-hke nucleus, surrounded by a cell. Two varieties of this 
group, called the Foraminifera and Radiolaria, are of great 
importance. The skeletons of the former are composed of 
calcium carbnnate, whilst those of the latter consist of silica. 
Most of the foraminifera are only about the size of a pin's head, 
hat ihey occur in such great niimbeES in the Atlantic and other 
seas that their skeletons after death fo(m immense beds of rock 
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at the bottom. (Fig. 97.) Foraminifera mostly conUin numerous 
holes in their cells or shells, through which the jelly-like matter 

of the interior projects in thread- 
like arms in search of food. These 
separate the calcium carbonate in 
the form of calcice. Some have 
only a single hole. These separate 
the same material in the form of 
arrsgonite, And since ealcite is not 
so easily dissolved as arra^onite more 
skeletons are found composed of the 
former substance than of the latter. 
Plants which separate silica from fresh and sea water. 
— Some siliceous rocks — for example, that which furnishes the 
polishing powder from Tripoli (Tripoli powder) — are formed of 



Fig- 9?. 

Glofcigfina, a genusof Fora- 

minifeni, from the bottom 
of the AllanUc. Magni- 
fied about 25 times. 




Fig. 58, Microscopic Section, showing dintoniB. 



material originally separated from solution by organisms. Diatoms, 
which constitute one of the most minute and mte^ft■i,t^l^^^J,fevws, 
jilant life, are amongst the inoaV active averts, m 
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water the very small proportion of silica which is held in solution 

in it. Though the largest of them are only barely visible to the 
e}'e, yet their fossil remains have formeil extensive beds of great 
thickness in various places. The deposits formed by the riemains 
of these plants are found at the old bottoms of lakes, and on 
the se.i-floor. In Richmond, Virginia, theie are extensive tracts, 
covered with a ihickness of about 40 feet of this diatom-earth, 
and other deposits occur at Monterey, Franzenbad, Bermuda, and 
Loch Morne (Ireland). Fig. 9S is a microscopic representation 
of the siliceous shells of diatoms seen after the organic and 
earthy matter in which they occur have been removed by an acid, 
Radiolarians or Radiolaria are animals which sepa- 
rate silica from sea-water,— The radiolaria dilTer from the 
diatoms in the fact that they are all marine, and occur probably 
in only the deepest parts of the ocean. (Fig. 99.) The thread- 
like portions which protrude from their siliceous cells do not 
interlace, as is often the case with those of foraminifera, but 
radiate in straight lines. But the great diflerence between the 

two lies in the fact that 
one has a siliceous and 
the other a calcareous 
skeleton,. A deposit of 
radiolarian earth occurs 
at Barbadoes, and this, 
when treated with an 
acid and viewed micro- 
scopically, is seen to be 
composed of the sili- 
ceous shells of radio- 
larians similar to those 
found more or less 
abundantly in all deep sea deposits. Another class of animals, 
known as s-iliceous sponges, also have the power of separating 
silica from sea-water to form long needle-hke bodies called 
spicules. When the organism dies the spicules are left, and, 
in combination with diatomaceoe and radiolarians, furnish the 
siliceous materials which cover extensive areas of tlie bottom of 
the ocean. 

Coral is a calcareous formation consisting mainly of 
the skeletons of an organism termed the coral-polyp,— 
Some of the incorrect ideas which prevail in the popular mind 
wrthreg^d to the growth of coral are dispelled by the following 
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extract from Prof. James D. Dana's standard work on the 
subject. 

'It is not more surprising, nor a matter of more difficult 
comprehension, that a poljp should form slrirctures of stone 
(carbonate of lime) called coral, tlian that the quadruped should 
form its bones or the mollusc its shell. Tho processes are 
8-imilar, and so is the result. In each case it ia a simple animal 
secretion — a secretion of stony matter from the aliment which the 
animal receives, produced by the parts of the animal fitted for 
this secreting process, and in each, carbonate of lime is a 
constituent, or one of the constituents, of the secretion. 

' The power of secretion is then one of the first and most 
common of those that belong to living tissues; and though 
differing in different org.ins according to their end or function, it 
is all one process, both in its nature and cause, whether in the 
animalcule or man. It belongs eminently to the lowest kinds of 
life. These are the best stone-makers ; for in their simplicity of 
structure they may be almost all stone and stili carry on the 
processes of nutrition and growth. Throughout geological time 
they were the agents which produced the material of 
limestone, and also to make even the flint and many of the 
siliceous deposits of the earths formations. 

'Coral Is never, therefore, Ihe handiwork of the many-armed 
polyp i for it is no more the result of labour than bone-making 
in ourselves. And again, it is not a collection of cells into which 
the coral animals may withdraw for concealment any more than 
Ihe skeleton of a dog is its house or cell ; for every part of the 
coral — or coralliim, as it is now called in science — of a pol>'p, in 
most reef-making species, is enclosed more or less completely 
within the polyp, where it was formed by the secreting process.* 

The poetic supposition that coral polyps work and build Up 
masses of rock as bees construct the honey-comb, or ants theit 
hillocks, must therefore be abandoned as erroneous. 

Coral is made by four kinds of organisms, viz. — (i) Algre, or 
seaweeds j (2) Bryozoans, the lowest kind of mollusc j (j) 
Hydroids, animals related to the fresh water Hydra, and (4) Polyps. 
I'he last of these are by far the most important producers of 
coral-reefs at the present time. 

The appear^ce of a poljrp is very similar to that of a 
garden aster. (Fi^. 100.) The ilower consists of a coloured centre, 
round which are arranged rows of tinted petals. The common form 
of a polyp is that of a disc with orgaas lettsvci ^.e&Vui.'e.'i -va&a&s^ 
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from its edge like the petals of the flower. But the analogy must 
not be carried further, for whereas the aster flower is supported by 
a slender stem, the disc and tentacles of a pol)-p are situated on 
the top of a cylindrical body containing the stomach and oHen 




Tig, lOO. Decdrophyllia Ramea, one of the ' Tree Corals,' ahowing the 
little cvps in which the polyps live fhaif natural size). 



hiving the same diameter as the disc at the centre of which the 
anijnal's toothless mouth is found. The mouth of a polyp is 
thu5 very conveniently ananged, for it opens directly into the 
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H The internal structure of a polyp is lepresented by the 
^fcaioss -section shown in Fig. loi . The white radiatjiig lines consist 

' of the calcareous (coral) skeleton around 

^^^^^^^^Mi which occur fleshy portions of the animal. 

The cartonate of lime deposited to form 
the radiating partitions becomes attached 
to the rock, and aS the polyp grows Upwards 
and outwards a more or less cylindrical 
stem is produced, which in many cases is 
^^^^^^^^^ quite solid owing to the iilhng up of the 
interior. It has already been remarked that 
the polyp mounts upwards on the coral. 
^^Crcas-section, s-how- Obviouslv, then, the animal must either 
L Zctu^eot'a'r::! ^^retch 6ut as the solid secretion accumu- 
polyp, lates, or it must exist only on the top 

portion of the cylindrical stem. The latter 
is what really occurs. A polj'p a quarter of an inch or so 
L^in length may exist on the top of a self-constructed base many 
^^inches high. And so long as the animal lives it increases the 
^^height of the dead coral monument upon which it is pinnacled. 

Coral-poIypS multiply by budding. — In this respect the 
^^pulyps follow a process very similar to that of many plants. A 
^■slight prominence will appear at the side of a polyp; this enlarges, 
l^^and eventually a mouth and a fringe of tentacles are produced as 
in the parent. The young and fixed polyp gets its living, and 
secretes carbonate of lime to form a stem or flat surface con- 
nected with that of the patent. It, in turn, produces buds and 
so on ad infinitiiui, until a mass of coral many feet or yards 
broad or long is formed from a single germ. Sometimes polyps 
multiply by subdivisionj that is to say, a single polyp will divide 
into two and thus bring about an increase of population, so that 
finally a fragment of a polyp may form the beginning of another 
coral growth as large as that of the animal ftom which it was 
separated. 

Coral Reefs are ridgts or hanks of lock composed almost 
tnlirely of pure limestone, found in certain parts of the ocean. 
Sometimes they occur as rings of various sizes, many being 
several miles across, surrounding a lagoon of sea-ivaler. These 
islands, known as 'atolls,' are common in the warm parts of the 
I'acific and Indian Oceans. Sometimes the coral rock forms a 
kind of natural breakwater at some distance from land. These 
■Barrier-reefs' run more or less parallel to the «hQXs, 
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separated from it by a broad channel of comparatively shallow- 
water. A great barrier reef runs outside the north-east coast of 
Australia for a distance of r.aoo miles, its average distance from 
the shore being about fifty miles. Sitnilar formations completely 
surround many islands in the Pacific, and are termed encircling 
_ reefs. ' Fringing reefs,' 

as the name rmplies, 
are low tanks or ridges 
of coral rock running 
along close to some 
shore. Atolls consist of, 
(i) Living cornl at the 
surface and sides, and, 
as the polyps thrive best 
in a heavy surf, they 
grow faster on the out- 
side than inside of 
the ring of rq>ck ; (3) 
Remains of coral and 
other calcareous organ- 
isms ; (3) Coral sand, 
and mud formed by the 
grinding together of pieces of coral broken olT by the waves; 
(4> Coral changing into crystalline limestone in the interior of 
the rock, Winds and ocean currents bring seeds to atolls, and 
so eventually the coral becomes covered with vegelation and may 
become the abode of man, (Fig^ ro2.) 

Reef-building corals nre those whose skeletons build up 
ree/s or ridges of coral rock in the sea. Sometimes islands or 
rings of rocky land are composed to a large extent of this 
material. But although these formations may rise from a con- 
siderable depth below sea level, the dead coral only has a height 
of 10 or 12 feet above it. The conditions under which reef- 
building corals nourish are, (i) A temperature not below 08" F. ; 
(2) Any depth from low- water level to about 35 fathoms; (3) 
Clear and constantly moving water. On account of the last 
named circumstance reef-building corals will not live near the 
mouths of large rivers, for the water is loo full of sediment. They 
grow best on the seaward side of a reef, the reason being that 
there is a better supply of food on the outer than on the inner 
side. And whilst the rough surf is favouring the growth of the 
reef outwards, the water of t!he interior is gradually dissolving 
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Plan of an Island suiTounded by Cora] Reef. 
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Bway the piled up material, and contains few live polyps. Since 
reef-building: corals require water having a tropical temperature, 
they are confined to latitudes between about 25" N, and S. of the 
equator. A line of reefs and islands extends from the Caroline 
Islands to the Low Archipelago in the Pacific ; and in the Indian 
Ocean between Madagascar and India, Other corals are found in 
roost seas, but tliey do not form roefs. 

Mode of formation of Atolls and barrier and fringing 
Coral Reefs.— Keef-buil ding corals cannot live below a depth 
of about 35 fathoms (150 feet). This has teen proved hy 
letting down grappling irons, and bringing up masses of coral 

rock. That dragged tip from 
a depth of lao feet or less con- 
tained living polyps, but in 
masses from a greater depth 
they were for the most part 
dead. And since coral rock, 
built of the remains of reef- 
building corals, is found at very 
great depths, some- explanation 
of this fact is necessary. 
Charles Darwin accounted for 
the fact by the gradual sinking 
of parts of the ocean bottom. 
According to this hypothesis a 
iringing-reef is ~ first formed 
around an island. As (he island 
sinks the coral formation grows 
upwards by the deposition of 
calcareous remains, and so 
eventual!/ a barrier leef, tliat 
is, one separated from the shore 
by a wide cbannel of sea-water, 
is produced. Finally, the peak 
of the island disappears below 
sea-level, and the ridge of coral 
rock rises above En a more or 
less circular ring surrounding 
a lagoon of sea- water, and forms 
an atoll. (Fig. 103.) Barrier 
reefs; and atolls are th.e,':e.C<».'4. 
piQOla cS 'Cot wiiysi&Kwac, tiv 
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(A), an ialand willi a fringing Coral 
Reef !^ (fl) represents ihe stage 
in which it is nirioiinded by a 
Bamer Reef j and (CJ when the 
islam! has given plaice to an 
Atoll. 
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part of the ocean floor on which they occur, if Darwin's Iheory as 
to their mode of fomiation is correct, and unti! recetttly the balance 
of evidence seemed in its favour. Another esplanation put 
forward by Dr. Murray accounts for many of the facts also. It 
is that coral r^efs are built up on sub-marine volcannes -whose 
summits have reached a poim from 120 to 150 feet below sea- 
level. If the summit were really deeper than this to begin witli, 
the accumulation of remains of organisms might bring it near 
enough to the surfa'Ce for the reef-building corals to flourish 
upon it. An atoll would thus be formed by ihe growing upwards 
and outwards of the coral rock. By the continuation of the 
growth a fringing reef and then a harrier reef would be evolved. 
The latter would extend seaward on account of the outward 
growth, Co which reference has been made, and so increase its 
distance from the shore. On Dr. Murray's theory, thereforej 
the wider the channel between a barrier reef and the coast 
line the greater is the age of the formation. One objection 
to the hypothesis is that it would require an enormous number 
of volcanoes, all of them to come near the sea-surface, hut none 
to rise above it, to account for the numerous atolls, and this is 
rather an improbable occurrence. Darwin^s theory, however, is 
also open to many objections, for it has been shown that some 
of the areas of land which should be sinlting are really rising. 

Organic rocks are those formed of the remains of 
plants and animals. — Most of the organic rocks are calcareous, 
that is, composed mainly of carbonate of lime. The simple 
compounds contained in this substance, and the mode of sepa- 
rating them, are described on p, 71. It is not necessary that 
hard parts of some dead organism should be delected in rocks 
of organic origin. One form of carbonate of lime (aragonite) is 
less durable than the other (calcite). Hence shells consisting 
largely of the former material might crumble down into a white 
amorphous mud, whilst those of the latter would be little altered. 
The fact that the specific gravity of calcite is about i"}2, whilst 
that of aragonite is about 2-93, serves to distinguish the two 
minerals. Aragonite is also much harder than calcite. But, 
obviously, whether the material has chLinged or not does not 
affect the fact that it was originally formed of the remains of 
organisms. Indeed, in many rocks of undoubted organic origin 
the organic structure is entirely obliterated. 

Chaik consists chiefly of the skeletons and shells of 
•rg-anisms which possessed the property of secreting 
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calcium carbonate, from water containing: it. — If some 
powdur rufibeil oil" a piece of challc be jilaced in -water, and a 
iitlle of the sediment whidi falls to the bottom after a short time 
be i>laced on a slip of glass and 
viewed under a niLcroacope, the 
grains will be seen to consist of 
minule fragments of shells and 
other remains of organisms. Tlie 
rock is evidently made up of 
raateriats which once fonneri 
parts of living things. (Fig. 104.J 
Now, if soiTifi of the white mud 
found at the bottom of the 
Athntic be similarly examined, 
it will be seen to closely resem- 
ble tlie composition of chalk, 
although the two are not identi- 
cally the same. Each deposit '"^ 
contains a number of Globi- ^ °^ ^^"^^^ """^^ 

germs mixed wi h coccoliths, iscom^Uof mini,tc shells 

coccospheres.spiculesofsponges, (Forainimfera) imbedded m a 
and similar materials ; lience it granular basis of Ime. 
is concluded that the origin of 

the two is similar, that is to say, the white chalk cliffs of our 
south-eastern coast, and the chalk hills of Wiltshire and other 
parts of Eng'Iand, were formed in past agtis by the deposition of 
the skeletons and shells of dead organisrns. 

Coral-rock is a compact limestone formed by the 
consolidation of coral-mud or other remains of polyps. 

— A piece of coral lias every appearance of being what it is- — a 
formation produced hy the accumulation of the skeletons of once 
living organisms. But coral-rock has no such distinct organic 
structure, and is very similar to the fine compact limestone found 
in the West of England and elsewhere. This difference in character 
may be brought about by different means. The intervals between 
corals may be filled up by water containing carbonate of lime in 
solution, which filters through them and deposits the material, or 
the action of the waves in grinding together and breaking up coral, 
may produce iine coral sand and mud, which, by pressure and 
deposition of carbonate of lireie from the water, becomes consolida- 
ted into compact layers; just as sandstones are formed bij tfc*. 
consolidation and cementing together cxotcstootv-s*-'^- 
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Limestones consist essentially of masses of carbonate 
of lime having generally an organic origin. — There are 
numerous varieties of limestone varying considerably from each 

other in their phjrsical charac- 
teristics. Some are evidently 
built up of organic remains 
(Fig. 105), whilst others show 
no indications of such an 
origin, Crifwidat or ciicrinital 
limestone is composed mainly 
of the remains of jointed 
marine animals termed encri- 
nites, mixed with those of fora- 
itiinifera, corals, and molluscs, 
The organic structure of this 
rock is often, preserved, and 
the jointed stems of the 
organisms can then be easily 
distinguished. (Fig. 1 06.) S^'eil 
Jif/tfstone is thaC in which shell 
fragments are large and con- 
spicuous. Common compact 
limestone generally exhibits no 
sign of having been organically 
formed. It has heen consoli- 
dated by pressure and hy the 
interspaces becoming filled 
with fine-grained mud or calcite 
deposited from water, Hydraidii 
liiTiGstOiie consists of a mixture 
of carbonate of lime with 
silicate of aluminium containing 
iron. After this has been burnt 
in a kiln and reduced to powder, 
it forms with water a hard 
cement which 'sets' under 
watetj and is therefore used 
for cementing the piers of 
bridges, &c. Some limestones 
tre siliceous, that is, they contain a relatively large proportion 
of sihca. Jrpllaetous limestone contains a variable quantity of 
■lajey matter. Fernt^nous limestone i& a rnkvoie of carbonate 



A thin slice of Limestone (Caiboni- 
feroiis), as seen under ilie 
micro-BCope, sliowing tint tlie rock 
19 alraost wholly uadc up of 




Fig, 106, 

A smnl! piece of Limestc-ne, sliowing 
numerous fragmeitts of Crinoids 
on iLi weathered eurface. 
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of lime and carbonate of iron. Magnesian limestont is a mixture 
of carbonate of lime and carbonate of magnesia. Bituminous 
limestone is a black rode containing much carbonaceous matter. 
Marhh is a limestone of a crystalline structure, and hard enough 
to be polished. 

Oolite or Roe-stone consists of small round particles 
of carbonate of lime, arranged in successive concentric 
layers round some minute particle of foreig"n rnatter 
forming a nucleus.— The grains of ooliiic limestones resemble 
somewhat the roe of a fish, hence the name. They have every 
appearance of having been produced by successive deposidons of 
carbonate of lime round a particle of sand ot similar body, and 
until recent years were considered as chemically-formed roclts. 
Evidence has been adduced, however, which indicates that many 
oolitic rocks are of organic origin. If a thin section of oolitic 
limestone be examitaed, the grains wilJ be seen to be formed round 
fragments of shell, and subsequently cemented together by crystal- 
line calcite. Pisolites dire similar rocks in which the grains are 
about a-s large as peas. 

Peat is composed of plants in a more or less compact 

and decomposed condition.— Over a large [Mrtion of Ireland 
and in many parts of Ejigland, Scotland, North Ameiica and 
other places marshy vegetable accumulations occur, termed bogs 
or peat'Vtasses. The bogs of Ireland were computed in jSig to 
occupy 2,830,000 acres. The mosses which contribute most 
towards the accumulations are known by the general name of 
SphagnaceE, a group of comparatively few species and very 
marked organisation. Some parts of a peat-moss are so swampy 
that they will not bear a person's weight, while in others the 
surface is firmer and only trembles when he is picking his way 
over it It is a matlijr of common knowledge that the peasantry 
living in many districts in Ireland and Scotland dig out the 
material of bogs, and after piling it into stacks to dry, use it for 
fuel. From the cuttings that are made to obtain peat we can 
learn much about its nature. The surface is usually covered with 
heaths and mosses and the bog is gradually thickened by these 
plants sending out fibres upwards and decaying in their lower 
parts, 'the individual thus becoming' it has been said, 'in a 
manner immortal and supplying a perpetual fund of decomposing 
vegetable matter.' The accumulation that goes on is therefore 
similar to that which results in the formation of coral, for it has 
been shown that the coral-polyps grow upwards, whiUt tbRw. 
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at Bottom. 


for F. 


4,170 








4,500 




11 0-3° 


74-0° 


5-7-10 




135-5° 


65-0° 



andj on the average, the amount for nines is 50 feet. The 
following table gives a comparison of the results obtained in. three 

diflerent deep bore-Iioles : — 
Name and Location Total Depth Tcmperalure Temperalute NoofFeet 
of Bore-holea. 

Sperenberg:, near 

Berlin 
Wheeling, 

Vancouver 
Schladabachj near 

Leipsic 

The rise of temperature is not constant with increase 
of depth,— This will be seen from the above table. Thus, at 
Wheeling bore-hole, which, by the way, is a little more than 4 
inches in diameter, the increase was about 1° F. for So to 90 feet 
of descent down to about 2,000 feet, but after this a more rapid 
increase, about 1° F. for 60 feet, was found, This is due to 
some extent lo the difference of conductivity and specific heat of 
the rocks passed through. Taking all observations into con- 
sideration, it seems that an avenige rise of F. for 50 feet of 
descent is fairly near the truth. In Hungary and North Italy the 
abnormal rale of 1" F, for 20 feet has been found, but this is 
accounted for hy the fact that these places have been the seat of 
volcanic action in comparatively recent times. At Yakoutzk, in 
Siberia, a boring was made through 620 feet of frozen soil, and a 
uniform rise of temperature of 1° F, for every 52 feet was found. 

Other Evidences of Internal Heat are afforded by the 
existence of volcanoes from which steam, and other healed 
vapours, and streams of molten rock are ejected from time to 
time ; and aiso by hot springs such as that at Bath, which issues 
from the earth at a temperature of about 1 20°, Some of the mela- 
morphic rocks also testify to a high internal temperature. It must be 
borne in mind, however, that we have no direct evidence of the 
temperature of rocks other than those near the surface, and can 
only estimate what the temperature of the interior would be if the 
average rate of increase were 1° F. for every 50 feet of descent. 

The Temperature at the Earth's Interior— If the 

temperature is supposed to increase uniformly 1°' F. for ever? 
50 feet of descent, we get an increase of about log" F. for every 
mile. At this rate the temperature would be suflicient to melt 
all the known rocks at a depth of 20 or 30 miles, and at a depth 
0/ /row 200 to 400 miles, that is, about one-tenth of the earth's 
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radius, the temperature -would be as high as that of the surface of 
the sun. It appears probable from this chat the rate of increase 
is not uniform, and there are mathematical reasons for believing 
that below a depth of about 5,000 feet it is nil. Although the 
temperature at a particular depth may be sufficient to fuse ruck, 
this does not prove that the rock is really in a molten state. The 
melting point of a solid in(Tea5es when the pressure upon it is 
incfeased. Thus, rocks in any part of the earth beneath the 
surface may be at a far higher temperature Ihau thai at which 
they would melt, under ordinary circumstances, at the surface, 
and may yet remain solid on account of the enormous pressure 
exerted upon them by overlying strata. 

A volcano, according to popular ideas, is 'a burning 
mountain, from the summit of which issue smoke and Hames,' 
That this is entirely erroneous has. been proved by investigators 
who have taken the trouble to investigate the phenomena in 
a scientific manner. Professor J. W. Judd in his work on 
'Volcanoes,' remarks how utterly misleading such a statement 
is, in the following words, ' In the first place the action 
which takes place at volcanoes is not " burning" or combustion, 
and bears, indeed, no relation whatever to that weil-known 
process. Nor are volcanoes necessarily "mountains" at a!!; 
essentially, they are just the reverse — namely, holes in the earth's 
crust or outer portion, by means of which a communication is 
kept up between the surf^ice and the interior of our globe. When 
mountains do exist at centres of volcanic activity they are simply 
the heaps of materials thrown out of these holeSf and must 
therefore be regarded not as the cause, but as the consequence 
of the volcanic action. Neither does this action always take 
place at the " summits " of volcanic mountains, when such exist, 
for eruptions occur quite as frequently on their sides, or at their 
base. That, too, which popular fancy regards as "smoke" is 
really condensing steam or watery v,ipour, and the supposed 
raging "flames" are nothing- more than the glowing light of a 
mass of molten material rellected from these vapour clouds.' 

A definition of a volcano which would include all the 
different classes on our globe is not easy to find, and is perhaps 
unnecessary if Che foregoing paragraph is well understood. Sir 
Archibald Geikie says, 'The word "volcano" is applied to a 
conical hill or mountain (composed mainly or wholly of erupted 
materials), from the summit and often also from the sides of 
which hot vapours issue, and ashes and ^tiea-roa 
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andj on the average, the amount for mines is 50 feet. The 
following table gives a comparison of the results obtained in three 

= different deep bore-holes : — 



Name and Location Total Depth 

of Eore-hol es . in Feet. 

Sperenberg-, near 

Berlin 4ii7o 
Wheeling, 

Vancouver 4,500 
Sch!adabachj near 

Leipsic 5,740 



Temperature Temperature NoofFeet 
at Top. at Bottom. Tor F, 



47-8= 



iio'3° 



■35"5 



74-0= 



The rise of temperature is not constant with increase 

of depth. — This will be seen from the above table. Thus, at 
Wheeling bore-hole, which, by the way, is a little more than 4 
inches in diameter, the increase was about 1° F. for So to 90 feet 
of descent down to about s,oao feet, but after this a more rapid 
increase, about i" ¥. for 60 feet, was found, This is due to 
some extent to the difference of conductivity and specific heat of 
the rocks passed through. Taking all observations into con- 
sideration, it seems that au average rise of i" F. for 50 feet of 
descent is fairly near the truth. In Hungary and North Italy the 
abnormal rate of 1° F. for so feet has been found, but this is 
accounted for by the fact that these places have been the seat of 
volcanic action in comparatively recent times. At Yakoutzk, in 
Siberia, a boring was made through 620 feet of frozen soil, anil a 
utiifoPiii rise of temperature of 1° F. for every 52 feet was found. 

Other Evidences of Internal Heat are afforded by the 
existence of volcanoes from which sleatn, and other heated 
I'apours, and streams of molten rock are ejected from time to 
time ; and also by hot springs such as that at Biith, which issues 
from the earth at a temperature of about 1 20°. Some of the meta- 
morphic rocks also testify lo a high internal temperature. It must be 
borne in mind, however, that we have no direct evidence of the 
temperature of rocks other than those near the surface, and ean 
only estimate what the temperature of the interior would be if the 
average rate of increase were i" F. for every 50 feet of descent. 

The Temperature at the Earth's Interior.— If the 
temperature is supposed to increase uniformly 1" F, for every 
50 feet of descent, we g'et an increase of about 105" F. for every 
Itiiie. At this rate the temperature would be sufficient to melt 
ail the known rocks at a depth of 20 or 30 miles, and at a depth 
of /ram 200 to 400 miles, that is, about one-tenth of the earth's 
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radius, the temperature would be as hig-h as that of the surface of 
the sun. It appears probable from this that the rate of increase 
is not uniform, and there are mathematical reasons for believing 
that below a depth of about 5,000 feet it is nil. Although the 
temperature at a particular depth may be sufficient to fuse rock, 
this does not prove that the rock is really in a molten state. The 
melting point of a solid increases when the pressure upon it is 
increased. Thus, rocks in any pare of the earth beneath [he 
surface may be at a far higher temperature than that at which 
they would melt, under ordinary circumstances, at the siurface, 
and may yet remain solid on account of the enormous pressure 
exerted upon them by overlying strata. 
A volcano, according to popular ideas, is 'a burning 

mountain, from the summit of which issue smoke and flames,' 
That this is entirely erroneous has been proved by investigatora 
who have taken the trouble to investigate the phenomena in 
a scientilic manner. Professor J. W. Judd in his work on 
'Volcanoes,' remarks how utterly misleading such a statement 
is, in the following words, ' In the first place the action 
which takes place at volcanoes is not " burning" or combustion, 
and bears, indeed, no relation whatever to that well-known 
process. Nor are volcanoes necessarily "mountains" at all; 
essentially, they are just the reverse — namely, holes in the earth's 
crust or outer portion, by means of which a communication is 
kept up hetvfeen the surface and the interior of our globe. When 
mountains do eixist at centres of volcanic activity they are simply 
the heaps of materials thrown out of these holes, and must 
therefore he regarded not as the cause, but as the consequence 
of the volcanic action. Neither does ibis action always take 
place at the "summits" of volcanic mountains, when such exist, 
for eruptions occur quite as frequently on their sides, or at their 
base. That, too, which popular fancy regards as "smoke" is 
really condensing sleam or watery vapour, and the supposed 
raging "flames" are nothing more than the glowing light of a 
mass of molten material reflected from these vapour clouds.' 

A definition of a volcano which would include all the 
different classes on our globe is not easy to find^ and is perhaps 
unnecessary if the foregoing paragraph is well understood. Sir 
Archibald Geikie says, 'The word "volcano" is applied to a 
conical hill or mountain (composed mainly or wholly of erupted 
materials), from the summit and often also from the sides of 
which hot vapours issue, and ashes aud sfa^'MKi^'i wjj^rai-vti'it 
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It is therefore interestinff to trace back the origin of this constit- 
uent. Plants of the carboniferous age furnished the carbon, but 
where did they get it? The answer is, from the carbon dioxide 
existing in the atmosphere at the time of their growth. Plants 
have the power of absorbing gases from the air. Under the 
influence of light the green colouring matter, called chlorophyll, 
of a plant is able to absorb carbon dioxide, to liberate the oxygen 
contained in it, and assimilate the carbon into its own tissues.. 
We see, therefore, that the part of the solar energy received by 
Vhe earth during tlie carboniferous period caused plants to absorb 
carbon. The plants were eventually buried in the manner pre- 
viously described, and we now use the resulting formation for fuel. 
This being so, the htat produced by the combustion of coal, and 
Utilised in the driving of steam engines and numerous other ways, 
is energy of which the first source was the sun. George Stephen- 
son was therefore perfectly correct when he said his locomotives 
were driven by ' bottled sunshine.' 



QUESTIONS ON CHAPTER XI. 

1. Into what simple cotupoua-ds can a piece of pure limcstane be separated, 
and by what means ? 

2. or what chemical eletnetits are pliinta cLIelly cotnpcticd? and how 
rioea coal differ in camposiUon from the plants fram which it was formed 7 
(1S86.) 

3. Iq what way is carbonate of lime separated from a state of soluiicm in 
waters to form the substance of linieslone rocks 1 (1SS6.) 

4. State what you linow concerning the difference in cheniical composition 
between peax and conl. (1S85.] 

5. Give the n.imes of the chemical elements which make up the greater 
portion of [iJants And animals. What compound bdidies are most commonly 
given n-IT during the decay of aninral and vegetable snbstancea? (18S4.) 

6. What materials are taken from the atmosphere by plants, and what 
becomes of these niatcrlah ? (1SS3.) 

7. Describe the chemiral tonsiitution and microscopic structure of a piece 
of chaili. (1SS2.) Explain the formation of coal, (iSSi.) 

8. Give a sliijrt acrauct of the organism by which coral-resfs are forwed- 
(iS-Sz.) 

9. Where are reef-builiiing cotah found, and under what conditions do they 
flourish ? 

10, What ii the chemical composition of a piece of common eosl, and how 

ddCS it -dilfer tn Cdinpo^Ltioa frotn peat on the one hand, dnd arlthrndlc on the 
other ? (1879.) 

11. Why are coral-reefs limited to certain restricted areas of the earth'a 
surface? {tSjJ.) 
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CHAPTER Xir. 

VOLCANOES. EARTHQUAKES, AND OTHER PHE- 
NOMENA DUE TO THE ACTION OF FORCES IN 
THE INTERIOR OF THE EARTH. 

The Density of the Earth increases from the surface 
to the interior.- — The average density of ihe rocks which 
constitute the earth's cmst is about z"5. The mean density of 
thegiube as a whole is about s'fi. From this we see tliat the 
interior of the enrth must be nia.de up of materials heavier than 
those which form the crust. There ia little doubt that the earth 
consists of strata which gradually increase in density from the 
cmst to the centre, so that at any j^reat depth the density of the 
layers is approximately the same. The concentric shell at a 
depth of about 2,000 miles has a density equal to that of the 
globe as a whole, viz., 5'6, Above this depth the rocks are 
specifically lighter, below it they are specifically heavier, and il. 
has been estimated that the density at the centre is about y or 10. 

The Temperature of the Earth increases in passing 

down from the surface. — There are reasons for believing 
that at one time the earth must have been a globe of vapour as 
hot or even hotter than the sun is now. As it cooled down it 
gra.dlially a.^5Umed the solid condition in which ft is at present, 
But that it still retains some of this primitive heat is proved by 
observations of the temperature of the interior. There are two 
ways in which the rise of temperature may be determined, viz,: 
(r) by carrying thermometers down mines or tunnels and noticing 
the temperature at different depths, and (2) by letting ma.\imum 
thermometers down deep wdlSj or making deep borings with rods 
having maximum thermometers attached to them. The latter 
method gives the best results, because in mines there are men, 
horses, firing of gunpowder, and various other causes which tend 
to make the observations somewhat inaccurate. By such 
observations as tbese it is possible to determine the number of 
feel of tlescent which produces a change of temperatuce oC t" ^ ..1 
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and, oa the average, the amount fat mines is go feet. The 
following table gives a comparison of tte results obtained in three 
■ different deep bore-holes : — 



Name and Location 


Total Depth 


Temperature 


Temperature 


No of Feel 


of Bore-holes. 


ill FmI. 


at Top. 


at Boltom. 


for F. 


Sperenterg, near 










Beriih 


4,170 




ii8'6° 




Wheeling, 










Vancouver 


4,500 




110-3° 




Schladabach, near 










Leipsic 


5-740 


51-9" 


135-5'' 


6yo° 



The rise of temperature is not constant with increase 

of depth, — This will be seen from the above table. Thus, at 
Wheehng bore-hole, which, by the way, is a little more than 4 
inches in diameter, the increase was about 1" F, for 80 to go feet 
of descent down to about 2^ooo feet, but after Ihis a more rapid 
increase, about i" F. for 60 feet, was found. This is due to 
Home extent to the difference of conductivity and specific heat of 
the rocks passed through. Taking all observations into con- 
sideration, it seems that an average rise of i" F, for 50 feet of 
descent is fairly near the truth. In Hungary and North Italy the 
abnormal rate of i" F. for zo feet has been found, but this is 
accounted for by the fact that these places have been the seat of 
volcanic action in comparatively recent times. At Yakoutzk, in 
Siberia, a boring was made through 6ao feet of frozen soil, and a 
uniform rise of temperature of 1° F. for every 32 feet was found. 
Other Evidences of Internal Heat are afforded by the 
existence of volcanoes from which steam, and other heated 
vapours, and streams of molten rock are ejected from time to 
time ; and also by hot springs such as that at Bath, which issues 
from the earth at a temperature of about lao". Some of the meta- 
morphic rocks also testify to a high internal temperature. It must be 
borne in mind, however, that we have no direct evidence of the 
temperature of tocks other than those near the surface, and can 
only estimate what the temperature of the interior would be if the 
average rate of increase were 1° F, for every 50 feet of descent. 

The Temperature at the Earth's Interior.— If the 
temperature is supposed to increase uniformly i" F. for every 
50 feet of descent, we get an increase of about 105" F. for every 
mile. At this rate the temperature would be suflicient to melL 
all the known rocks at a depth of zo 01 30 miles, and at 3 depth 
of Irom 30O to 400 miles, that is, about one-tenth of the earth's 
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radius, the temperature would be as high as that of the surface of 
the sun. It appears probable from this that the rate of increase 
is not uniform, and tliere are mathematical reasons for believing 
thai below a depth of about 5,000 feet it is nil. Although the 
temperature at a particular depth may be sufficient to fuse rock, 
this does not prove that the rock is really in a molten state. The 
melting point of a solid increases when the pressure upon it is 
increased. Thus, roctrs in any part of the eatth beneath the 
surface may be at a far higher temperature than that at which 
they would melt, under ordinary circumstances, at the surface, 
and may yet remain solid on account of the enormous pressure 
e.xerted upon them by overlying strata. 

A volcano, according to popular ideas, is 'a burning 
mountainj from the summit of which issue smoke and flames." 
That this is entirely erroneous has been proved by investigators 
who have taken the trouble to investigate the phenomena in 
a scientific manner. Professor J. W, Judd in his work on 
'Volcanoes/ remarks how utterly misleading- such a statement 
is, in the following words, ' In the first place the action 
which takes place at volcanoes is not "burning" or combustion, 
and bears, indeed, no relation whatever to that well-known 
process. Nor are volcanoes necessarily "mountains" at all; 
essentially, they are just Che reverse — namely, holes in the earth's 
crust or outer portion, by means of which a communication is 
kept up between the surface and the interior of our globe. When 
mountains do exist at centres of volcanic activity they are simply 
the heaps of materials thrown out of these holes, and must 
therefore be regarded not as the cause, but as the consequence 
of the volcanic action. Neither does this action always take 
place at the " summits " of volcanic mountains, when such exist, 
for eruptions occur quite as frequently on their s-ides, or at their 
base. That, too, which popular fancy regards as "smoke" is 
really condensing steam or watery vapour, and the supposed 
raging "flames" are nothing more than the glowing light of a 
mass of molten material reflected from these vapour clouds.' 

A definition of a volcano which would include all the 
different classes on our globe is not easy to find, and is perhaps 
unnecessary if the foregoing paragraph is well understood. Sir 
Archibald Geikie says, 'The word "volcano" is applied to a 
conical hill or mountain (composed mainly or wholly of erupted 
materials), from the summit and often also from the sides of 
which hot vapours issue, and ashe^ani B-teMoscS wvd*Kti-vQ^ 
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are intermittently expelled. The term "volcanic" designates all 
the phenomena essentially connected with one of these channels 
of communicaiion between the surface and the heated interior of 
the glohe.' The renowned Anierican geologist, Prof. James D. 
Dana, defines the fonnation as follows : — 

'A TOlcano is a mounlain or hill, more or less conical in 
shape, wliicli has a nearly central cavity at the top called a craier, 
and which dt3char|;es at times melted rock called lava, and also 
vapours or gases. The lava either flows down this or that side of 
the mountain in streams, or is projected into the air to fall around 
the vent or lava-source in fragments. The cooled fragments 
from a frnjeettle discharge are called volcanic cinders, but the 
finer part, often, volcanic ashes ; if not cooled OH the descent, 
they are drops or driblets' 

It appears, therefore, that the essential feature of a volcano is 
an opening of some kind in the crust of the earth for the trans- 
port of heated material from the interior to the surface. This 
opening is usually in the form of a crack or fissure, and the 
more or less circular crater which characterises most of our 
modern volcanoes only represents one of a series of vents along 
it. We shall refer to this point again. 

Tlie word Volcano or Vulcano was the name given by the 
ancients to a 'burning mountain' in the Lipari Islands, which 
was thought to be the forge or woikshop of Vulcan, the Rpniail 
God of Fire, and from the name of this little island in the Medi- 
terranean the word volcano is derived. 

Volcanic Action may be constant or periodic. — Strom- 
boli, an island rising about 3.100 feet abowe the level of the 
Mediterranean, is an example of a European volcano permanently 
in aciton. Records exist showing that since about 400 b.c. it 
has been emitting vapours and gases and ejecting masses of 
healed rock. There are other volcanoes in which the action is 
practically unceasing ; this constancy, however, is exceptional. 
As a rule, volcanic action is intermittent. Continuous eruptions, 
like those of Stromboli, are rarely very violent, and the phenomena 
producing them can therefore be studied with little danger. 

The volcanic phenomena exhibited by Stromboli were 
fully studied by Prof. Judd in 1S74. One of the outbursts con- 
stantly occurring was described as follows: 'Suddenly, and 
without the slightest warnmg, a sound was heard like that 
produced when a locomotive blows off its steam at a railway 
station} a great column of watery vapour was at the same time 
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thrown violently into the atmosphere, and with it there weie 
hurled upwards a number of dark fragments, which rose to a 
heigEit of 400 or 500 feet above the crater, describing curves in 
their course, and then falling back upon the mountain. Most of 
these firagroents tumtled into the crater with a. loud, raCtHng noise, 
but some of lEiera fell outside the crater, and a few rolled down 
the steep slope of the Sciarra into the sea. Some of these falling 
fragments were found to be slill hot and glowing, and in a semi- 
molten condition, so that they readily received the impression of 
a coin thrust into them.' Further observations showed the 
existence of a red-hot seething liquid mass at the bottom of the 
crater, which illuminates the cloiids of vapour sent out from time 
to time, and thus produces the appearance of l5ame, just as the 
smoke of a locomotive is caused to glow and apparently become 
self-luminous when the fireman opens the furnace door at night. 

The phenomena displayed by Stromboli may appear to differ 
from the violent eruptions of suph a volcano as Vesuvius, but 
really the difference is only one of intensity. The latter volcano, 
after an eruption, subsides to a stage of feeble activity of 
precisely the same character as that of the former one. In fact^ 
the outbursts at Stromholi represent in mitiiature the more awe- 
inspiring and destructive eruptions, however great their intensity 
may be. 

The materials ejected from a volcano during an 

eruption are of the most varied character. They may be 
classified into (1) Vapours and gases; (a) Molten rock vrhich 
flows out in streams ; (3) Fragments of rock ejected into die air. 
These will now be described in order. 

Vapours and gases. — The vapour of water is always present 
and forms almost the whole of the white cloud which hangs over a 
volcano in action. Other gaseous products evolved are hydro- 
chloric acid (HCI), sulphuretted hydrogen (H,S), sulphur 
dioxide (SO3), carbon dioxide (CO,), Hydrogen, and Nitrogen, 
By the mulual action of sulphuretted hydrogen and sulphur 
dioxide on each other, free sulphur is produced. This 
accounts for the sulphur which so cotnmonly occurs in 
volcanic districts. Other secondary products are similarly 
formed. Hydrogen and sulpliureiied hydroj^en are inliam- 
mable and burst into flame when, they issue from the venls 
in the volcano. The flames are often coloured by incandescent 
Bodium (derived from the commort seAiY to^^w , «i q"Ccvi£v -swiwiS*s^ 
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bodies. The amount of burning that goes on, however, is 
very small indeed and forms quite a subordinate part of an 
eruption. 

Lavas are the molten, flowing products of volcaaic 

action. — I^va may be discharged from the summit of a volcano 
or may flow out of cracks or other orifice" at the side or base o 
the cone. Somelimts it never reaches the surface, but fi!U u 
cavities or forces its way between layers of rock and cools there, 
forming 'dykes" or walls of rock. Some lavas have the sam" 
general appearance as the clinkers and slags formed in furnaces. 

As the molten matetial rises in the vent of a volcano, mass£ 
of rock are often broken from its sides and brought to the 
surface, so that in some cases the stream which overflows contains 
more rock of this character than ordinary volcanic matter. Many 
lavas contain material of the same kind as that which fonn: 
meteorites. This similarity is so great that some masses of a~ 
alloy of iron and nickel found in Greenland were for a long lim 
Said to be meteorites, but are now known to have had a lertestrial 
QrigiTi, Large crystals imbedded in a stony moss are commonly 
found in lavas, and these again indicate a place of formation deep 
in the earth's interior. Some lavas are entirely crystalline, an 
others have a vitreous or glassy structure, and exhibit very little, 
if any, crystalline arrangement. There is, in lact, every gradation 
from glassy lavas to those having the wholly crystalline structure 
of granite. 

Scoriae, or cinders, is the term used to denote the rong' 
angular material, having the appearance of slag, ejected fro~ 
volcanic vents. The cindery character is due to the escape 
steam from a mass of liquid rock containing large crystals. Thes 
cinders are thus not unconsumed coal, like those of our fires, fr 
no combuslion goes on in a volcano. They are lumps of meEted 
rock puffed high into the ait by the explosion of steam in the lav 
as it rises in the vent of the volcano, 

Pumice is formed from very fluid acid lava, by the esca" 
of the gases contained in the latter. That this is the case may b 
proved by holding a small piece of volcanic glass in a pair o 
[ilaliiium forceps, and heating it in, a Bunsen burner. The glas 
beeoiijes yrcally distended by the expansion of Ehe gases — chieS 
water gas — it encloses, and a material differing in no respect fro " 
ordinary pumice is obtained. In like manner the water vapo 
/s generally present in a great quantity in escaping lava, so tha 
directly the sfream reaches the suitace, ^tvi \|Ta^iSui;e 



VOLCANOES, EARTHQUAKES, ETC. 



therefore lessened, it suddenly expands and escapes, and "hy so 
doing transforms the lava into pumice. This materia.! is too well 
known to need any description. It floats upon water because of 
its coarse porosity. When the air is removed from the numerous 
cavities the pumice sinks, for it ia really heavier, bulk for bulk, 
than water. This is easily proved by powdering a lump of 
pumice and noticing how quickly it sinlcs in water. When this 
material is ejected from a volcano and falls upon the surface 
of water it floats for a long time, but eventually the thin 
partitions separating the air chambers from one another are 
broken down. The cavities then get filled with water, and the 
mass sinks. 

I^piili is the term given to ejected fragments of lava sinailar to 
scoriiE, but smaller— the size varying from that of a pea to a 
common marble. 

Volcanic dust or ash is formed when the explosions are 
very violent and the lava very liquid. It is an extremely fine dusty 
powder, rtiiiinly produced by the scraping together of larger ftag- 
ments. Masses of molten rock are also thrown out in such a 
strained condition that they ate blown to powder when they 
reach the atmosphere. The ash is thus in no way connected witli 
that which remains after tlie combustion of coal. 

Volcanic bombs are masses of viscid lava which have been 
violently ejected from the column ascending in the pipe into the 
air. They whirl round in the air, and consequently are formed 
into more or less ellipsoidal masses, varyinff in size from a few 
inches to several feet. Owing to rapid cooling, the surface is 
sometimes glassy, though the escaping gas usually produces a 
cellular appearance in the inside of bombs, and often cracks the 
outside glassy coveiing. 

PeWs Hair is the name given to clots of lava having fine 
filaments or tails. In Hawaii, one of the Sandwich Islands, lakes 
of lava occur, within enormous craters, in a viscous condition. 
During the splashing out of steam from such craters, clots of 
lava are shot out into the air, and carry up Jgng filaments or 
hairs from the surface. These often form thick deposits on the 
surrounding land surface, and have been nmmcd Pelt's IIa.ir by 
the natives of Hawaii, Pele being the name of a local goddess, 
The glass drops conlain minute bubbles of gas, which oflen 
expand as the glass is drawn out. A similar material is produced 
artiiicially by blowing steam through the fused glassy slags of 
iron furnaces, 
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Volcanic Action may be Explosive or Effusive.— 

When the molten rock is highly charged with vapours and gases 
the explosive action is great, and the subterranean lava is ejected 
into the air in a fragrnentary form. The eruption of K.rakatoa, 
in 1883, when matter was shot up into the atmosphere six times 
higher than the summit of Mount Everest, was of the explosive 
class. So also was that of Mount of Tarawera, in New Zealand, 
in 1886. and that of Little Bandai-san, in Japan, in iSSS, when 
the mountain of this name, standing 5,000 feet high, v.'as suddenly 
blown into atoms. Java and Sumatra are also the seat of explo- 
sive volcanic action. When the explosive action is small the 
lava may flow out in streams. In Hawaii the lava is feebly im- 
pregna.ted with gases, and the action is therefore effusive. The 
g-reat crater of Kiltiuea, in this region, has an area of nine square 
miles, and in it bubbles a surging mass of molten rock several 
hundred feet rtecp. The lava flows over the edge of the crater 
everj' few years, and this adds to the enormous mass of the 
mountain. 

The transport of volcanic products occurs in diflerent 
ways. Masses of pumice tiiat have fallen on water surfaces may 
be carried hundreds of miles before they become water-logged 
and sink to the bottom. In fact, observations show that the 
ocean bottom is covered with a material which has been formed 
by the disintegration of pumice, and volcanic dust. The latter 
material is in such a finely-divided condition that it may be ejected 
by the escaping steam to a height oF several miles above the 
surface of the earth, and be carried away to other regions by the 
upper currents in the atmosphere. 

Lava streams are streams of molten rock that flow over the 
edge of a crater or issue from the sides of the cone. They 
soon cool at the Surface, and present the appearance of moving 
Btreanis of clinkers. The rale of movement of a lava-stream 
partly depends upon the degree of fluidity of the molten rock. 
Some sweep over a country and flood it like a river. Others, of a 
more viscous nature, creep along so slowly thai careful observations 
are required to detect the movement. These often congeal 
before they reach the base of the volcanic cone, Acid lavas 
arc less fusible than basic lavas, and also, as a rule, less liquid. 
The lava poured out from a volcano may have its d<?gree of 
fluidity altered considerably during an eruption. It may issue at 
first in a very liquid state and flow smoothly for several miles 
fom the vent, and then change to a viscid stream having no 
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flowing surface, and sometimes revert again to the liquid 
condition. Or the two kinds of streams may be emitted from 
the same volcano, at the same time, from dilTerent vents. The 
surface of the masses of lava in a slowly moving stream are 
covered with lines, which show that it cooled as it flowed from the 
volcano, and £(ave off little steam. This class of lava streams 
has a ropy, tuisted, irregularly wrinkled appearance. Rapidly 
moving lava streams have surfaces consisting of jagged masses 
varying from an inch to a dozen feet In diameter, and difficult 
to walk upon on account of the numerous sharp points and 
angles. They give off enormous quantities of steam as they rush 
down the side of the volcano, and this swells the cloud of vapour 
that issues from the central vent. The rough surface of these 
lavas is partly due to the escape of steam. Indeed, small para- 
sitical cones or miniature volcanoes are often formed on the 
surface of lava streams of this character by the escaping steam 
jets, The rate of flow of a lava stream Is also dependent upon 
the inclination and form of the ground, and upon the volume 
of molten rock, as well as upon its fluidity. A stream was 
erupted from Vesuvius in 1S05, which travelled nearly four miles 
in the (irst four minutes. The size of a stream may be enormous. 
In 1783 two streams of lava issued from Skaptar Jokull, in Iceland, 
one of which was 50 miles long and 15 miles wide, and the other 
40 miles lon^ by 7 miles wide, the average thickness of each being 
about 100 feet. It has been estimated that the quantity of matter 
which then escaped as lava would form a mountain equal in size 
to Mont Blanc. But currents of the acid type of lavas, such as 
obsidian, cease to flow at a very short distance from the vent, 
even when the slope of the ground Is considerable. 

The cooling of lava, streams is very slow, and, in the case 
of a stream of any great thickneas, may extend over hundreds of 
years. The outer crust of a lava soon cools suflidently to permit 
it to be walked U[ion, whilst at the depth of a few inches the rock 
is red-hot, This is explained by the fact that the crust is an 
exceedingly bad conductor of heat, as are also scoria; and volcanic 
dust. It is said that 'during the eruption of Vesuvius in 187a 
masses of snow which were covered with a thick layer of scoriiK, 
and afterwards by a stream of lava, were found three years after- 
wards consolidated into ice, but not melted,' And, as a remark- 
able example of the relention^f heat, an observer relates that 21 
years after lava had been sent out from Jorullo, in Mexico, a. 
cigar could be lighted at the cracks in. tV\& sVi^wtv. 
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Volcanic cones arL=- built up of materials that issue from 
an opening in the earth's crust, Much of the scoriie and ast 
ejected into the air falls on the ground and forms a deposit whic 
decreases in thickness with increased distance from the vent 
so that a heap gradually rises, having the shape more or less 
a truncated cone. With these fragments occur layers of h.\ 
which have flowed out of che top or sides of the volcanc 
The lava often fills up the cracks or fissures, which radiate fror 
the central orifice through the COne, and forrti 'dykes,' sheetsij^ 
qr walls of igneous rock, which bind the cindery mass together. 
Volcanic cones vary in height from a few feet to sever.il iniles,,^ 
according to the amount of material ejected. Some consist entirely 
of lava, others wholly of scoriEe and ashes, but iit most case 
they are built up of alternating sheets of these materials, spreadii 
over each other in an irregular fashion, and forming what ar 
known as ' composite cones.' 

The forms of volcanic cones depend upon the kind 
material ejected. Very liquid lavas produce flat cones, whils 
with very viscid or stiff iavas the slope is considerable. Ii 
Hawaii, the western border of North America, and other plac 
basaltic lava flows out so copiously and freely as to flood tl 
surrounding country, and cover it with layers having a scarcelj 
perceptible slope frOm the vent. On the Other hand, the lava Ser 
out from many volcanoes in Hungary and the Island of BourboQ,] 
is of a pasty, consistent nature. It therefore accumulate 
round the crater, and forms steep, dome-shaped cones. In the 
district of Auvergne, in Trance, a numbei of dome-shaped hiU 
occur, which were formed by the welling-up of a thick and viscoi 
lava from volcanoes now extinct, (Fig, log.) This distriot also cor 
tains a number of ' cinder-cones,' that is, cones composed almost 
entirely of scoria; and other fragmentary products of an eruption. 
The amount of slope of the sides of cones of this character varies 
with thedegree of fineness of the ejected material. Coarse materi" 
may stand on a slope as much as 40° from the horizontal, whi 
fine sand or ashes form much flatter structures. The structure 
a cinder cone is dia grammatically shown in Fig. no. 

In cases where the lava in a volcanic vent is not crystalline b" 
glassy, pumice is ejected instead of scoriE, and white 'pumi 
con«s' are formed Instead of black cinder cones. The angle 
slope is about the same for botb these materials. Cones co 
jjosed entirely of pumice are found in the Lipari Islands, O 
account of the condensation of the water-vapour sent out dur' 
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an eruption, rain often descends in torrents. This mixes with the 
ashes and other fragmentarj' products, and forms a flowing mud 
which consolidates into a material termed ' tuff' or 'tufa.' The 
streams thus produced build up ' tuff-cones,' having an angle of 
about 15" or zo". 
The formation of volcanic mountains is thus simply 

due to the accumulation oF material derived frorn the interior 
of the earth. This is strikin^'ly proved by the existence, near 
Vesuvius, of a little mountain called Monte Nuovo, or the New 
Mountain, whose creation was actually witnessed. The mountain 
is composed of scoriK, lapilH, and volcanic dust. It is 440 feet 
high, and more than a mile and a half wide at the base, and there 
is indisputable evidence that it was budt up in a couple of days 
in September, 153S. According to various obsetvera a fissure 
first opened, within which molten rock was visible. From 
this, in the words of a witness, ' Stones and ashes were thrown up, 
with a tioise Uke the discharge of great artillery, in quantities 
which seemed as if they would cover the whole earth ; and in four 
days their fall had formed a mountain in the valley between Monte 
Barbara and Lake Averno of not less than three miles in circum- 
ference, and almost as high as Monte Barbara itself.' Another 
witness says, ' Some of the stones were larger than an ox, The 
mud was at first very liquid, ihen less so, and in such quantities 
that, with the help of the above-mentioned stones, a mountain 
was r:iised 1,000 paces in height.' There is little doubt that 
all volcanoes are built up in a similar manner, although they 
may not have been 'caught in the act,' as in this case. Eruptions 
take place below sea-level, and the material throwh out 
sometimes accumulates until a volcanic cone or island is 
formed above the water surface. Such eruptions usually occur 
where the water is comparatively shallow, for at great depths the 
pressure of the overlying water would be so enormous as to 
prevent the outburst. In 1S31 a scoriie-cone, called Graham's 
Island, was thrown up off the coast of Sicily by an outburst 
of a submarine volcano, but it was soon washed away by the sea. 
In October of iSqi a submarine eruption occurred about three 
miles to the west-north -west of Pantellaria. The sea was first seen 
in violent commotion, and a strip about half a mile long was gmdu- 
allyfo.-med by the floating Volcanic materia!. The interior of some 
of these masses was found to be hot enough to melt zinc, a week 
after they had been ejected. This formation disappeared in a few 
•ys as the brittle ciadery bombs became watei -logged md aank. 
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The agency of water in volcanic eruptions cannot be 
com [ir-eh ended before some circumstances affecting the tempera- 
ture of Che boiling-point are understood. At sea- level and under 
an attnospheric pressure of 30 inches of mercury (equivalent to 
15 lbs. per square inch), water boils when it reaches a temperature 
of 212° Fahrenheit. We have shown (page 91) that water, or 
any other liquid, boils when the tension or pressure of its vapour 
is equal to the pressure upon its surface. Hence we may say 
that the pressuie or tension of water vapour at 212" Fahrenheit is 
equal to that of the atmosphere under ordinary circumstances. 
If the pressure on the surface be increased, water requires to 
reach a higher temperature before il boils. Thus, under a pres- 
sure of 24 atmospheres (360 lbs. per square inch), water remains 
liquid until its temperature is raised to 432° Fahreniieit, and for a 
pressure of 300 atmospheres it is not converted into vapour before 
temperature of about 750" Fahrenheit is reached. We see, 
therefore, that water may be kept in a liquid state at great depths 
(although at a very high temperature) by the overlying Strata 
exerting upon it an enormous pressure. If the pressure is 
lessened from any cause, the imprisoned water immediately 
hursts into steam, and in so doing may send out portions of 
the overlying rock with great force. 

A Theory of Volcanic Action founded upon observation 
and supported by the foregoing facts was formulated by 
Scrope, and is now generally accepted. The rise of Java in 
the pijie of a volcano may thus be caused * by the expansion of 
volumes of high pressure steam generated in the interior of a 
mass of liquefied and healed mineral matter within or beneath the 
eruptive orifice,' 30 that the vapour reaches the air ' in a state of 
extreme condensation and entangled in the liquid l3va, which 
rises with it and escapes outwardlyjust as any other thick or viscid 
matter exposed to heat from beneath in a narrow mouthed vessel 
boils up and over the lip of that aperture.' Following Scrope, 
Professor Judd considers that volcanic outbursts aie ' due to the 
accumulation of steam at volcanic centres, and that the tension of 
this imprisoned gas eventually overcomes the repressing forces.' 
And again, ' In the expansive force of great mas.ses of imprisoned 
vapour we have a compeient cause for the production of the 
fissiu'es through which volcanic outbursts take place.' Briefly 
then the cause of explosive volcanic action is the expansion and 
escape of masses of high pressure water-vapour. On this theory 
water plays a primary part ia volcmic e.tu^x.vci'fta. 
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asserted, liowever, tlat the agency of water is only secondarj^ 
and that the flow of lava is really caused by the cooling an 
contraction of a solid crust upon a liot and yielding interior. 

The grounds on which it is inferred that volcanic 
eruptions take place through fissures in the earth's 
crust are based on various facts. An opening of some kind is 
necessary for the vapoTirs, lavas, and fragmentary materials to 
reach the surface. The first effect of an explosion of steam in 
the interior of the earth would be to form n crack or fissure in 
the earth's crust, just as ciracks are produced in the sides of 
a boiler by the sudden production of water-vapour. Some 
portions of the fissures get choked up, whilst others, by their 
greater width or bett<;r situation, offer facilities for the escape c' 
the heated rock. One or more vents are thus established alon 
the line of fissure, and volcanic cones built up around them. 
Evidence of the exis-tence of such fissures is also afforded by thflf 
fact that volcanic eruptions take place successively along certain 
definite lines. This linear arrangement is strikingly illustrated in 
the Lipari Islands, where three fissures appear to have been 
produced, along which eruptions have taken place, and volcanic 
cones thrown up at various points. An even more convincing 
proof is that fissures have been seen to form at Vesuvius and 
Etna during eruptions. On the side of Etna in 1865 and 1S74 a 
number of distinct scoria;-cones were produced above fissures in 
which molten rock could be seen. 

The number of Volcanoes that in recent times have been 
in a state of activity is rather more than 300. If the ' mountains," 
which from their conical form, craters, &c,, are believed to b 
extinct volcanoes, are included, the total is not far short of 1 60 
And by counting mountains consisting of volcanic matter, bu 
without the conical form, the list is further increased. Geyse~ 
and constant hot springs, fumaroles, and mud volcanoes, are als 
volcanic phenomena, and these are very numerous. 

The linear distribution of volcanoes on tlie earth is we 

exhibited by Fig. 111. Most of the active volcanoes on the glob 
are situated on islands, on the edges of continents and near th 
sea. Thus, abotac sco active volcanoes occur on islands in th 
various oceans, and, with two exceptions, the remainder occur o 
continental coasts. Tliere is a continuous chain of volcanoe 
running along the Andes of South America, Central America 
and the Kocky Mountains past the Aleutian Islands dovnn t 
Japan, and reaching a maximum of activity in Formosa, th 
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Philippine Islands, and the Malay Arcliipelago. At this point the 
line of volcanic activity divides into two branches ; one turns 
north-westward througli Java and Sumatra — regions of frequent 



I 




Fig. III. DisiribuiioD o! Volcanoes and Earihqualtcs. The former ue 
indicated by dots^ the lolLei shading. 
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and great volcanic eiuptions^along the eastern side of the Bay of 
Bengal ; the other turns south-eastward through New Guinea and 
the New Hebrides into New Zealand, and across the Pacific to South 
America by the Friendlj', Society, and Easter Isla.nds. Thus the 
Pacific is encircled with a vast ring of active volcanoes. A similar, 
though not so distinct line, may also be traced around the 
Atlantic. 

The fact that these lines follow very nearly the direction of 
great lines of elevated land is very important, for they probably 
represent lines of relief or fracture in the earth's cmst produced 
by volcpnic action. Even m those mountain-ranges where no 
active volcanoes occur, investigations soiiiecimes show that they 
once existed hut are now dormant. 

Vesuvius is a volcano of which every schoolboy has heard, 
so some few facts from its history should be of interest. It is 
situated upon the shores of the Mediterranean, and Is the only- 
volcanic vent now in action on the mainland of Europe. In 63 a.d. 
n terrific earthquake occurred in this region, which nearly ruined 
the town of Pompeii. In 79 a.d. another eruption took place, and 
totally destroyed Pompeii, Hercubneum, and numerous villages. 
Of the products of this explosion. Dr. Johnston-L-avis has written 
' The character of the ejectments can be beautifully studied in the 
Streets of Pompeii, where they are separable into three divisions of 
(i) white vitreous pumice, 6 feet, (a) darker mic to-crystalline 
pumice, 6 to 12 feet, (3) pumice dust, which is nearly always 
pisolitic andof variahlethickness. At Herculaneum these several 
materials, mixed with others into one rather imiform paste, have 
gradually consolidated into a more or less compact yellow tuff, 
which attains a thickness of 60 feet or more, whilst that which covers 
Pompeii rarely exceeds 25 to 30 feet, and often is much less. 
At Pompeii the regular anangennent and stratification indicate 
that the materials fellthrough the air, whilst thoseat Herculaneum. 
on the other hand, owe their present arrangement to the action of 
water collecting and transporting the materials down some valley.' 

Numerous other great outbursts have been recorded, and 'In 
1 631 there occurred one of the most terrible eruptions of Vesuvius, 
It was not of the explosive, but rather of the paroxysmal type, 
and besides the fragmentary ejecta, consisting of scorice, lapiUi, 
sand, etc., numerous large streams of lava poured down the 
slopes of the volcano, burning up in their course and burying 
towns and villages with a great des.truction of life. Since this 
dure Che volcano has never been completely dormant for any 
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length of time. Generally its activity consists of feeble but 
jconsCanlly varpng exploaiotis at the main vent, accompanied often 
vy a slight dribbling of lava from some lateral opening near the 
summit of the great cone. This state is interrupted from tirae to 
time hy paroxysmal eruptions which are due to the formation of 
radial dykes extending from the main chimney outwards to the 




Fig. lia. Eruplioc of Veauviits, in April, 18^2, BaSed mj-Qw.n ^fei!u»{jK^ 
by Profcaaot ■Palmie.n. 
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slopes of the cone. As much of the lava as there is in the main 
chimney, above the level of the new vent, drains off immediately, 
thus lightening by so much the pressure ort the remainder, which, 
consisting of a solution of a gas in a liquid, immediately on the 
pressure being- reduced, froths up and issues forth after the first 
lava by the lateral outlet whilst most of the vapour escapes 
up the main chimney.' 

But the eruption of which we possess the most complete 
account occurred in April, 1872. The appearance of the volcano 
at the time of greatest activity is show-n in Fig. 11 a, which is based 
upon a photograph by Professor Palmieri. The advent of the 
outburst was heralded by earthquakes shaking' the surrounding- 
cQuntiy. Wells dried up, springs disappeared, and subterranean 
noises were heard. Eventually fissures were formed on the flanks 
of the mountain, and out of some of these, and the crater at the 
top, enormous volumes of steam, carrying with them masses of 
rock, were hurled. Lava streamed from the sides and crater of the 
volcano, and from it escaped great volumes of steam to increase 
the bulk of that from the crater. The friction of the steam on 
the interior of the vent developed electricity which gave rise to 
lightning discharges with the accompanying thunder. The tall 
column of steam, resembUng in form the Italian stone-pine, 
and a usual appendage to an eruption, was broken up by 
wind. The evolution of such a vast quantity of wati^r-vapour 
caused the atmosphere soon to become saturated with moisture. 
Rain consequently feU in torrents, and, with the loose volcanic 
fragments, formed streams of mud, which quickly flooded whole 
districts. 

During such an eruption as this remarkable changes may occur 
in the structure of the mountain. The ejected material swells 
the size of the cone, new craters are often formed inside the 
original one, and cones built up around them, and sometimes a 
terrific outburst will blow away the whole or part of a mountain. 
An example of this will be found in the following paragraph. 

The eruption of Krakatoa which took place in August, 
is one of the most violent on record. Previous to this 
Krakatoa was a small, oval-shaped islatid in the Straits of 
Suncia, between Java and Sumatra. Slight disturbarices began in 
May, and on August 26 &l 37 one side of the cone was almost 
completely blown away by a series of terrific convulsions. A 
perfect section of a. volcanic cone was thus obtained, from which 
a true idea of ibe internal structure of a volcano was ieanit. The 
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fragmental products which formed the cone had a general slope 
away from the central vents. Dykes or walls formed hy the 
solidification of molten rock in Assures, crossed the cone in all 
directions. Many of the fissures reached the surface at the sides of 
the cone and formed ducts from which lava flowed. Where the 
fissures were large, lateral, ox parasitical cones were produced. The 
rock injected into the fissures beneath the surface only became 
visible after the layers of ash, scoriE, and other volcanic products 
that they traversed had been washed or worn away. It has been 
estimated that about i| cubic miles of rock was blown, itito atoms 
by this tremendous explosion, the effects of which were 
numerous and great. The dust was observed to fall more 
than looo miles distant. The ejected pumice almost filled 
the Sunda Straits, and was carried by winds and ocean 
currents to very distant regions. The diisturbance in the 
atmosphere caused vartations in the height of the barometer. 
Observations of these fluctuations show that a wave of compress-ed 
air started from the scene of the explosion, with a velocity of 
about 700 miles an hour, spread out until it encircled the globe, 
and then contracted to the antipodes of Krakatoa, where it formed 
a focus and was reflected back to the place of its origin. It again 
began its journey, was again reflected back, and its effects were 
observed tn this manner four times from Krakatoa and three times 
back, after which it had spent its energy. The sound of the 
explosion was heard at all places within 2000 miles of Krakatoa, 
and even at a distance of 3000 miles. The sea disturbance was 
oomposed of two kinds of waves, long waves occurring at 
intervals of over an hour, and shorter but hig^her ones which 
rolled in at irregular and brief intervals. The greatest convulsion 
at Krakatoa produced a wave 50 feet high on the shores of the 
Strait of Su^da^ and at some places it was said that the tide rose 100 
feet higher than usual. But the velocity of the sea-waves and the 
height to which they rose depended upon the depth of water and 
form of the shores. Some of the dust from the volcano was sent up 
from 16 to ZD miles in the air, carried all over the globe by 
currents in the upper regions of the atmosphere, and took years 
to descend. In the winter of 1883, and the spring of the following 
year, remarkable and brilliant twilight glows were observed, the 
sun was often seen of a blue, or green or other unusual colour, 
and large coronse appeared round it and the moon. There seems 
little doubt but that all these, and similar optical effects, were due 
to the presence in the atmosphere of fine volcanic dust. 



ELEMENT AKV PHYSIOGRAPHY. 



Geysers are eru|itive fountains of hot water and steam, and 
differ only from ordinary volcanoes in mit bringing liqiiitl mck to 
the surface. But they do bring up imniense quantities of mineral 
matter (silica, carbonate of lime, &c.} dissolved in the water. The 
heated water becomes alkahne by dissolving soda and potash 
from rocks containing it, and this enables it to dissolve 
silica — the chief substance brought to the surface, The silica 
is deposited as sinter, as soon as the water that contained it 




Fig. 113. Sinter Terraces in Veilowslonu I^k (U.S.A.). 



has cooled and evaporated sufficiently. It therefore accumulates 
mostly around the orifice and builds up a kind of tubular pro- 
jection. In this connection, however, it should be remarked, 
that the ninth annual report of the United States Geological 
Survey contains an "array of facts which seems to prove that the 
sinter owe.s its origin, not to evaporation, but to the agency of 
algai living in the heated waters. When a \M»>f» 
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the top of a slope the deposit forms a succession of terraces 
having basins of more or less heated water in them (Fig. 113). 
Ge>-seTS occur very largely in Iceland, Vt^llowstone Paik (U.S.A.)j 
and New Zealand. There are more than 3,000 geysers in Yellow- 
stone Park in the Rocky Mountains. One throws up jels 250 
feet high every few wei^ks. Several others spotit out jets about 
300 feet higli at intervals of about a day, and one, known as Old 
Faithful, has -sent out a column of water and ste;im 150 feet high 
every hour since this region was discovered. Geysers are also 
found in Mexico, the West Indies, the Azores, and oilier places. 
When geyser action takes place through rocks of a cla)'«y nature 
the water often forms a mud. The material thus brought up in 
suspension in the water builds up small cones. Such mud 
springs are known as mud volcanoes. In some localities hot 
vapours and gases escape from cracks in the ground. Tliese 
eruptions are termed sal/aiaras. Geysers, mud-volcanoes, and 
solfataras are manifestations of declining volcanic action. Many 
regions in which volcanic action was once riTe are now perfectly 
free from it. In theAuvergne district of central France there are 
hundreds of cones, from whicii melted rock was at one time 
erupted, but which are now dormant, and evidences of former 
volc.mic action are found in many parts of Great Britain. 

Eatirhquakes are vibratory movements of the earth's 
crust. — The explosion of a torpedo deep ilown tn the sea causes 
a series of undulations to be set up and a series of concentric 
waves to appear at the surface. Explosions in mines cause 
similar vibrations, which travel through the rocks of the earth and 
are felt at the surface. In like manner any disturbance in 
the interior of the earth — it may be due to the sinking of locks, 
or the sudden generation of a mass of steam— sets the rocks in 
vibration as if they consisted of a jelly ; a system of waves starts 
from the point where the shock occurred and spreads out in sll 
directions. It is the passage of such waves that constitutes an 
earthquake or earth-fremor. 

Some of the efifects of a great earthquake on buildings 
were described by a writer in "■Nature,' in Doct^mher, iSgi, in 
connection with the lamentable catastrophe that happened in 
Japan in October of the same year. It is recorded that 'cotton 
mills have fallen in, whilst their tall brick chimneys have been 
whipped off at about half their height. Huge cast-iron columnsn 
which, uftlike rliimneys, are uniform in section, acting as piers for 
railway hridges, ha.ve been cut in t'KO ^'oLfevt XuMft.. ^rswk. 
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instances these have been snapped into pieces much as we might 
snap a carrot, and the fragments tlirown down upon the shingle 
beaches of the rivers. The greatest efforts appear to have been 
exerted where masonry piers carrying 200-reet girders over lengths 
of 1,800 feet have been cut in two, and then -danced and twisted 
over their solid foundations considerable distances from their true 
positions. These piers have a sectiona! area of 36 x 10 feet, and 
are from 30 to 50 feet in iieight. Embankments have been spread 
outwards, or shot away, brick arches have fallen between their 
abutments, whilst the railway line itself has been bent into a series 
of snake-lite folds and humraocked into waves. Ttie greatest 
destruction has taken place in the Okazaki-Gifu plain, where we 
have all the phenomena — like the opening of crevasses, the 
spurting up of mud and water, the destruction of river banks, &c. 
—which usually accompany large earthquakes.' 

Earthquakes are common phenomena, and it is on 
account of the great loss of life and property which accompanies 
violent shocks that their effects are often considerably exaggerated. 
It is probable that an hour never passes without some earth-tremor, 
due to subterranean changes, occurring. Minute movements of 
this character ara detected by instruments called seismomitrs. 
Although a violent earthquake may produce great changes in 
the earth's crust they are as nothing compared with the grand 
movements which take place unnoticed. 

The districts in which earthquakes occur most frequently 
are generally those in which volcanoes exist, but as will be seen 
from an inspection of Fig. iir, the two phenomena do not always 
accompany each other. The Andes of South America and a 
well-defined line passing through Further India and across Asia 
to Southern Europe are great centres of earthquake and volcanic 
action. In comparatively low-lying regions, such as the central 
parts of South America, Ru.'jsia, and Australia, shocks are much 
less frequent. 

Earthquakes produce three kinds of waves, viz.. 
(i) Land waVes, which travel with great velocity through the 
earth's crust; (a) Slower waves on the surface of the sea; 
(3) Waves in the air. The effect of the passage of the first kind 
of wave is to cause the gfoutid to tise atid fall,, and sometimes 
open ; whilst trees and houses are rocked to and firo and often 
thrown down. The rate of movement of this wave varies with 
the intensity of the shock. Tiie movement of the land wave 
causes the bed of the ocean to vibrate, and is ihus communicated 
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to the water, the result being that a large number of waves of 
water roll in upon the shore, as it were, on the back of the 
land wave. These produce no great effect. The nest event 
which occurs in connection with an earthquake is the arrival 
of the sound-waves, to which the characteristic rumbling noises 
'are due. The loud sounds that frequently accotnjiany earlh- 
quakes may be propagated through rocks, water, or air. Three 
sounds may thus be received, the first one through the earth, 
then one conveyed by water, and the last and slowest through 
the air. The most destructive effect is due to a violent sea- 
wave, which often reaches the land several hours afler the 
earthquake shock, It is produced by the sudden forcing up of 
the water into a heap directly over the place where the disturbance 
occurred. 

The depth of an earthquake shock is found approximately 
by observing the direction of the cracks made in houses; this 
gives the angle at which the earth'Wave reaches the surface (angle 
of emergence), and the position of the place where a vertical 




Fig. 114. Ptoduction of Earth Waves by a diitutbance af O. The position 
of ihe Seiinuc Vertical and the directirm in which waves slrike the surface 
enables Ihe depth of O to be calculated. 



mo^'ement was experienced. This is directly over the centre of 
disturbance, and a line joining the two is called the seismic 
vertical. (Fig. 114.) With these data it is possible to make the 
reijuiied calcubtion. 

i'rom an invesligatioii of the elfects of an earthquake which 
look place at Calabria in 1857, Malitt CoiiwA vVv-it ^owv^ v«l 
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place of occurrence was not a point but a plane five miles long 
and thiee miles broad, and having an average <3eptli of DMrly 
six nniles below sea-!evel. The velocity at which the waves travelled 
varied in different roclcs rroni about 650 to i,o&o feet per second. 
The amplitude of the wave, that is, the greatest length of the to- 
and-fro luovemenl of the particles of rock, did not exceed three 
or four inches. It seems to be established that the depth of earth- 
quake shocks very rarely exceeds thirty miles. 

Slow movements of the level of the land occur, and are 
far more important than volcanoes and earthquakes in producing 
great changes in the form of the earth's crust. It is usual to 
speak of the sea as rising or falling with respect to the land, but 
the reverse is really the case. If a large volume of water could 
be added to an ocean the effect would be a rise of water level all 
over the world. And if a large amount could be taken away 
there would he a general lowering of the sea-level. But the 
voJun%e of water in the oceans is practically constant, hence the 
height of the sea relatively to the land would remain constant if 
no movements of the land took place. In other words, the level 
of the sea may be regarded as a fixed standard by means of which 
we are able to determine changes of level of the land surface. 

Evidence of elevation of land above sea-level is found 
in ' raised beaches.' A sea beach consists of gravel and sand, 
generally mixed with shells and other remains of organisms. Its 
limit on the land side is the high water mark, and the lower limit 
is reached by the margin of the sea at low tide. When a beach, 
exhibiting signs of having been formed at sea-level, is found 
above the reach of the waves it is known as a 'raised beach,' 
and from its existence we learn that the land of which it forms 
a part has been elevated above sea-level. When the land has 
been subjected to slow movements of upheaval, alternating 
with periods of rest, a series of raised terraces or beaches, 
each lower than the one previously formed. But where the land 
has been gradually rising for a very long time, unbroken by 
pauses, a gentle slope runs from the oldest and highest beach 
to that now existing, and there are no steps as in the former case. 
Numerous otd sea-beaches containing marine shells are found on 
tlie west coast of South America. Near Valparaiso they reach a 
height of 1,300 feet and near Chili about 1,000 feet above the 
sea-level. Similar proofs of upheaval occur in the south of 
Ne\r Zealand, in Corsica, and Spitsbergen. In Scotland, also, 
Te fiave good examples of these changes ■m.Mvj (jt the 
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towns and villages along the firths being built on raised beaches, 
of which there are five at heights of 25, 40, 50, 75, and 100 feet 
above the existing sea-level. Caves worn out of rocic by the action 




t'ig. 1 15. Sea-wom Caves, rais-ed above ilie priise-nt sea level, Fifeshire. 
{From a Photograph by Wilson of Aherdccn.\ 

of the waves often form part of a raised beach. (Fig, 115,) Their 
sea-worn appearance proves beyond doubt lhaC they -were once 
exposed to the full force of the waves, alchQiig,h c^.q'* T^tsfoasgi. 
covered with vegetation. Sea-woiti ea.^e&xV\\^a.^Q\i^\v'*ic«5.V^'^'^, 
.of apheavaS. Besides these ■^■bm^. ViSs-wj^ 
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evidence of changes of level. Old seaports in Candia have been 
rendered useless bv being raised above ihe water. In Finland 
tlie coast has been observed to have risen 76 inches in 127 
years, this being at an average rate of about 1^ inches a year. 
From marks ma.de on the north coast of Sweden last century, a 
similar rise has been established. 

Slow movements of subsidence, or sinking of the land 
below sea-level, are also continually going on in some parts of the 
earth. Very remarkable examples of this kind of change are met 
with in Scotlandj Norway, and the west coast of Ireland. In 
these countries ive find sea-lochs, or firths, or fiords, in which 
the sea runs up long, narrow, and deep channels or inlets 
generally supposed to have been excavated by river action. If 
this supposition is correct, each fiord is a submerged valley and 
aifords evidence that the surface of the country has moved 
downwards. But the river-origin is disputed, many believing that 
fiords have been excavated by ancient glaciers of the north. 
The remains of ancient towns found beneath the water on the 
eastern shore of Greece, and of submerged forests near Devon 
and Cornwall, and in the estuary of the Thames, testify 
to a slow subsidence of portions of the land surface of our 
globe. Similar evidence is afforded by the fact that the bases of 
coral reefs sometimes extend deep down in (he ocean, although 
the reef-building corals caonot exist at a greater depth than 
twenty fathoms, the explanation of the circumstance being, 
according to the late Charles Darwin, that the rock to which 
the coral is fixed once stood at a depth less than twenty fathoms, 
at which period the coral-builders fixed themselves to it. As the 
rock gradually subsided the building upward went on, and the 
coral re.ef was thus always kept at sea-level. 



QUESTIONS ON CHAPTER XII. 

1. How has it bfeeti found out Lh&t the <lceper parts of the earth's crust eiB 

hotter than Lbose near the surface ? (1S90.) 

2. State the grounds on which it inferrEd that volcanic eruptions take 
place tlirpugh fisaurea in the earth's crust, (iSScj.) 

3. wrfat is a lava stream? Of what does iC couiist, find how docs ft 
E«hsve? (18870 

4. Wbal is a volcanic dyks ; whiit is it like, and how is it foiuied ? (iS$&] 

5. How has it been proved that sqoic paits of the land of the globe has 
atiaergooe elevaiioD in recent times ? (i836.) 

& la what way fiaa the ttmperature ot rtie ftctp-5«a\ei tofiks <jf tbe earth's 
CTust been dHemiDci ? (i S35O 
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7. or what ore volcanoes composed? Why have they QEually a conical 
shape ? How have their ' craters' been formed ? (1884.) 

S. Gi'vc n. drawing slKHviiig the inlcrn.il Ftructure uf h cinder or MoriK-cooe. 

9. Wliat BIG volcanic bombs, aniJ llow iire they formed ? (iS3i.) 

10. Describe a raised'beach, ard state what inference you would draw from 
ilsenislence. (1881.) 

11. What aie iiords, and faow da you suppose them to liave heeo foimcd? 

(tSSo.) 

12. In whftt respects do a volcnno and a geyser (escmble etch other, and in 
what respects do they differ ? Name the principal districts on the globe in 
which geysers are found. (i^tS,) 

13. What is a volcano f fJaine the active volcanoes of Europe, and state 
iu what part of the same conliacnl extinct voIcbdocs occur. {iS'jj.) 



CHAPTER XUI. 

ARRANGEMENTS OF ROCKS AND THEIR 
REPRESENTATION BY MAPS. 

The condition of the earth's interior is a matter of 
discussion. The conclusion arrived at by Sir William Thomson 
(now Lord Kelvin) with regard to Ihe physical constitution of t|ie 
earth was that ' It is not, as commonly supposed, all liquid within a 
solid crust of from 30 to 100 miles thick, but that it is on the whole 
more rigid certainly than a continuous solid glolje of gla^s of llie 
same diameter, and probably one of steel.' But many arguments 
can he advanced in favour of very different theories. The 
enormous pressure of overlying strata is said to be sufficient to 
account for the increase of density which is found in passing from 
the earth's surface towards the centre. It is more probable, 
however, that the chemical composition of the rocks in the 
interior differs from that of the earth's crust, and differs mainly in 
being made up ofunoxidrsed instead of oxidised materials. The 
only way of studying the chemical composition of the interior of 
the earth is by the study of the interior of similar bodies which 
come in our way, Such bodies are found in the meteorites which 
fall upon the earth. No element has beer found in them that 
does not occur in the earth. But although all the elements found 
in great abundance in the crust may be present, the proportions 
are strikingliy different. A meteorite cowiWWiuVj o^'wiv'iJA tiV 'soa. 
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and nicltel, and similar unoxidised materials have been found 
which have a terrestria.1 origin, but llieir occurrence is rate. 
The comparative high density of the earth's interior may therefore 
be due to the existence of specifically heavier and different mate- 
rials instead of more compressed forms of the same. 

The Evolution of the Earth. — Many reasons have been 
given for believing that the interior of tlie earth is at a 
high temperature, There is little doabt that the suHj canh, 
and our moon at one time were all at the same temperature. 
The three bodies are illustrations of the ordinary law of 
cooling, and for the same reason that a hot cannon ball takes 
longer to cool than a small bullet having the same tem- 
perature, we find the temperature of that enormous mass, the sun, 
considerably higher than that of the earth, and the temperature of 
the earth higher than that of its smaller companion, the moon. 
When the earth was in an intensely heated condition there was 
no hard and fast distinction between its atmosphere and surface, 
and all the rocks existed in Che condition of vapour. As radiation 
into space went on, a relatively cool envelope was formed around 
an incandescent mass. The constituents of the envelope and the 
mass it enclosed heeanse gradually cooled down to the point at 
which they solidified or chemically united with one another. The 
water vapour was then condensed, and fell copiously upon the 
earth''s surface carrying down with it numerous saline substances 
from the atmosphere, and most probably giving our seas the 
sodium chloride they contain. Finally, a solid crust of ig-neous. 
rock covered the hot interior, and above it rested, as at present, 
an atmosphere composed of gases, such as oxygen and nitrogen, 
which require a much lower temperature than has yet been 
reached by the earth to reduce them to the liquid or the solid 
form. Before the crust had solidified, and while the earth was in 
a soft or viscous condition, the rotatory motion caused the mass to 
bulge out at the equator and become flattened at the poles ; to 
assume, in fact, the form of an oblate spheroid, which it now pos- 
sesses. This mode of formation can be imitated by placing a 
quantity of oil in a transparent liquid of the same density, The 
oil floats in the liquid in the form of a globe as long as it is at 
rest, but v-hen it is caused to rotate it becomes flattened al the 
poles, that is to say, at the extremities of the axis of rotation, and 
bulged out at the equator in a manner precisely similar to the earth. 
An apple gets wrinkled when kept for a time, the reason being 
thai the iDterhr which once filled out the skin has dried up again. 
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As people get old thej-lose the fat and muscle that once filled out 
their skir, nnd tlie btlerbecornes ■wrinkled. Botli these cases show 
how a shrinkage of tlie interior causes a ivriniding of the crust ; and 
the analogy may he ap[i]ied to the earth to account for its ocean 
depressions and conli;;cntal plateaus. But tliere are strong mathe- 
matical objections to Lhis easily-un derstood mode nf formation of 
the ocean basins, so tcx> much credence must not be placed upon it. 

Characters Impressed on Rocks during their for- 
mation. — The distinguishing' characteristic of aqueous rocks is 
their stratification, an example of whicli is sliown in Fig. In 

almost all cases the strata 
were deposited horizon- 
tally. Currents, however, 
may cause the layers to be 
deposited on a gen He 
incline. In general the 
stratification is the more 
perfect when the materials 
deposited are finer, fine 
sand and mud often exhi- 
biting a perfect form of 
stralilication known as 
lamination, in which case the separate layers can be divided into 
thin leaves or lamintF.. The materials of beaches may have rill- 
marks caused by the receding tide impressed upon them, and 
these are sometimes preserved. (Fig. 117.) The heat of the sun 




Fif. nS. Stratified U-jsl;. 




Fig. 117. Sbij <A stone, with rfpple markings and foolprinta of an .indent 
newt-like animal, from the Caj-boniferoiia LLmestone series of Norili 
Amenca. 
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causes clays to cracW, and the cracks often get filled with sand, and 
so a perfect casl of the crarfc is rormed ivhen the sand con- 
solidales. Rain produces [jillings On mud or soft sand, or 




¥ig. iiS, Liun Rocls, Millport. Example of an igneous dyke weathering 
imire slowly than the sandstone through which it has been tlirual. 
{from a Pkate^raph by IVilmi of Abtrdmi.) 

animals leave their foot-prints upon Ihem, and these marks, 
or casts of them, are often preserved in shallow-water deposits. 
^neous rocks are intruded among aciueous rocks, or ejected 
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at ttie surface. In the former case the intrusion takes place 
most easily between the deposited layers. Sometimes, however, 
the mass of igneous rock cuts throug^h the strata almost vertically, 
and forms what is known as a 'dyke,' Such masses are not 
so easily worn away or weathered as the softer materials sur- 
rounding them, and so they often, stand out like walls, as in 
Fig. ii8. They differ from ejected lavas in having no sco-ria- 
ceous upper antl lower surfaces. 

Changes which occur in rock-masses subsequent to 
their formation. — Loose sands, clay, shells, &c., are hardened 
into sandstones, slate, limestones, &c., by various processes, the 
process being termed induration. The material may be caused 
to cohere hy mechanical pressure, hut in the majority of cases it 
is the result of chemical action as well as pressure, the grains 
being cemented together by the deposition of substances from 
solution in the water which i)erco!ate5 through the loose material. 

Changes which are the result of the action of external 
forces on rock masses.— Aqueous rocks in drying, and 
igneous rocks in cooling, contract, and this gives rise to jointing 
in them. If igneous rock masses did not break up in this manner 
it would be almost impossible to qnarry them, Basalt in cooling 

sometimes develops 
a columnar structure, 
as exhibited in Fig. 
I tg. In fact, a 
columnar oc basaltic 
SI ructure, more or 
less perfect, is very 
■ common in solidified 
? lava. The produc- 
- tion of the hexagonal 
form of the columns 
is due to the fact 

ColuninaF structure assumed by basalt and other that contraction in 
igneous rrnka. a rock necessarily 

produces cracks, and 

as only three regular forms, the triangle, square, and hexagon, can 
completely fill a space, and the hexagon will do so with the least 
number of cracks, the tendency is for this form to be produced. 
Starch and mud often exhibit the sanae hexagonal cracks, and 
bees utilise the same principle of fiiling a space with the least 
amount of work, in the construction of the hexagonal cells oE 
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their honeycomb, Another way of looking £ft the matter is that 
the hesagon is a figure which has the greatest area for the least 
periphery which wili fill a space. The circumference of a circle 
embraces a larger area than the circumference of a hexagon of 
Che same length, but circles will not fill a space. 

Cleavage is produced by pressure and is therefore a feature 
added to a rock by the action of external force. This has been 
referred to in describing the microscopic structure of slate (p. i8g), 

Cufvfed strata. — In general, when strata, are found in any 
position other than horizontal, it may be inferred that they have 
been disturbed since they were deposited. This is because the 




Fig. 120. Curved Straia at Draughlon ■Quarry. {Frvm a Photuf^mph.) 



sediment of which the strata consists could only have been laid 
down horiziontally or very nearly so. But it is the exception, 
rather than the rule for strata to be found in this position, 
The_>- occur cun'ed and tilted up nt all angles owing to the 
crumpling of the crust caused by the contraction of the earth i 
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and the angle contained tetween the plane of the strata and 
a horizontal plane is termed, the ' angle of dip ' or briefly 'dip.' 
When strata occur in wave-like crests and troughs, particular 
names are given to the curves, folds, or bends. The trough, 
shaped so is known as a 'synclinal,' and the crest, shaped 
so where the strata dip away from a highest point, ts termed 
an ' anticlinal,' ' Trough ' and ' saddle ' are words often used 
instead of synclinal and anticlinal when the folds are very sharp 
and rapid. Two sharp synclinal and anticlinal folds in limestone 
are shown in Fig-, izo. 

Broken strata. — Movements of the earth's crust have bent 
some strata and broJien others, and in some cases produced both 

effects. The fractures or dis- 
placements of strata formed 
ia this way are termed ' faults,"' 
an e>:ample of which is shown 
in Fig. i2t. The efiect of 
faulting, however, is rarely 
visible at the surface. 

The parts of a stratum 
which appear at the surface 
are known as 'outcrops.' 
In other words an outcrop 
is simply one end of an 
inclined bed, A geological 
map sbowr-s the outcrops 
which occur in the districts 
surveyed. Thus in one place 
we have an outcrop of a bed of chalk, in another an outcrop 
of sandstone, and so on. 

Unconformable strata.— ^Vhen one set of strata has been 
tilted up into an inclined position, the upper edges of the beds 
tare denuded away and a fresh series may be deposited upon 

the worn surface, 
having- the same or 
a different dip. These 
newer deposits are 
then said to rest un- 
Fig. conformably upon 

tJnconfor^^bla s.r^ta. " Th. befl. . h.ve been the lower ones, or the 
depos,ied after the b?da 6 and have been ^^tS ^*m&s>. 

tilted ufj. Me ^'soA Xk> ^i*=' 




F.g. rzi. 

A Fault. The similnrly shaded strata 
were once on Ihu samt; level, hut hava 
been fraciuted since tLdr deposition. 
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Fig, 123. An Eacarpincnt 



uncomformabl/. (Fig. 122.) For this fo have happened, the older 
beds must first have been elevated, then denuded, then 
subsidence must have occurred and the newer beds were 
deposited ; and, iastly, an elevation of the region must have 
taken place to bring the strata above the water surfa.ce. Whether 
the newer beds he parallel to the older beds or not depends, 
of course, upon the manner in which the latter were upheaved 
and depressed. 

An Escarpment is an inland cliff— Escarpments are 

formed by the denudation of the ed^es of ^lighlly inclined Strata. 
Thusj in escarpments the 
surface of the country slopes 
gradually away from the denu- 
ded edge. (Fig. 123.) They 
aje generally composed of a 
hard stratum lying upon 
softer ones. 

Drawing to scale. — A photograph of a house, of a rock, or 
a.ny large object, represents the original structure in miniature, 
and, if the lens of the camera is a good one, the breadth and 
height of the building or rock will be portrayed in their proper 
relative lengths, that is to say, if the object is twice as high as it is 
wide the photograph will show this. Let a photograph of a 
building 6q feet high by 30 feet wide exhibit the structure 6 inches 
high by 3 inches wide. Then, So feet is represented by 6 inches, 
and so 10 feet is represented by a length of 1 inch. But, 10 feet 
= 120 inches, so the photograph illustrates 120 inches by a length 
of 1 inch. In other words, dimensions on the photograph are 120 
times smaller th.m those of the building itself. But it is not 
necessary to confine ourselves to photographs. The building 
could be measured, the measures could be divided by lao, and 
the results obtained could be used to make a drawing which, as 
far as size was concerned, would be bke the photograph, In 
either case the picture would represent the object on a scale such 
that I inch = to feet or 130 inches. In constructing a map of 
England it is not of course convenient to use such a large scale 
as this, for a map at\\ the size of England would be a very large 
alfair. Much smaller scales are therefore adopted. The Ordnance 
Survey Map of the United Kingdom is drawn on a scale of 1 inch 
to the mile, that is, the distances are TnrsiriT ti^iss less El\an those 
orlg-lnnlly measured. Hence, a square inch on one of these maps 
represents a square mile, a length qI 10 mcUes. uvqo it is equal to 
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a distance of lo miles, and so on for any other dimension. Maps 
of counties are constmcted on a larger scale — 6 inches to the 
miie — and others of towns and large parishes on a scale of 25 
inches to one mile. Now, suppose it is required to draw to scale 
a pillar-box 4 feet high in a straight road a mile long. Four feet is 
yg^ijth of a mile. If, therefore, we draw a line, say S inches long, 
to represent the mile, the height of the pillar-box would be xstd 
= Y^u*'^ °^ ^"^ inch. This amount is far too small to plot down, 
and the pillar-bos Tvould be undislinguishable on such a scale. 
When drawings have to be made in which horizontal distances 
differ so considerably from vertical ones, it is usual to adopt two 
scales, one for each set of measures. Thus, in the above case, the 
road could be drawn on a scale of 6 inches to the mile, and the 
pillar-box of i inch = 4 feet. The box would then be drawn 
having a height of i inch and the road would have a length of 
six inches. The picture obtained, wlien different scales are 
used in this manner, does not show the thing delineated in its 
true proportions, and beginners cannot be too careful in dis- 
tinguishing between such dia^ramwalk illustrations and true ones. 

Contour lines are lines passing: through points at the 
same height above sea-level. — A bird's eye view of a district, 
if drawn or photographed, cannot represent heights in the 
manner described in the preceding paragraph. It is- Vety 
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fig. lit, lUuatratioa oJ llieuwaiiiia'^^ t'**'^'^^'™^- 
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necessary, however, that maps of sraal] districte should show the 
character of the surface, with regard to mountains and other 
elevations, and this is done in two ways, viz., by centsur lines and 
hachures. The average level of the sea is taken as the line of no 
elevation, and termed the datum line. If we now imagine the 
level of the sea to rise, say loo feet, as indicated by a vertical 
rod or cliff, the water encroaches more or less on the land accord- 
ing as the beach has a more or less gentle slope ; and a new 
contour line is formed loo feet above the first. And if we 
suppose the sea. to rise by steps of loo feet until it covered the 
highest mountain peak, its margin would in each case Ill^^rk out a 
contour line loo feet above the preceding one. These suppo- 
sitions can be experimentally illustrated hy putting a rough block 
of Stone in a vessel, and pouring water over it in amounts 
producing the same difference of vertical height. The form of 
the edge of water round the stone gives the form of the contour 
lines, and the difference between the altitudes of the lines is 
measured by the successive increase in height of the water 
measured vertically. The contour lines, around a hill are 
illustrated by Fig. 124. 

The method of indicating 
heights by hachures (Fig. 125) 
is used on the maps drawn on 
the scale of an inch to a mile. 
It consists in drawing shading 
lines thicker and closer together 
according as the ground in- 
creases in steepness. The 
summits of mountains are 
represented on this principle 
by the darkest shading, and the 
intensity gradually decreases 
down to the lowest ground. 

Diagrams of Vertical Geological Sections show the 
Order, thickness, inclination, etc., of the strata in any particular 
district, The information from which they are constructed can 
be obtained to some extent by direct observation, but borings 
through the sb-ata furnish the best information of the layers 
beneath the surface, A vertical section is shown in Fig. 1 36. 

Diagrams of Horizontal Geological Sections represent 

the positions and form of the strata which would be seen if we 
^ouJd make deep vertical cuttings across the districts ihey 




Fig. 115. Haclnues. 
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illustrate. Such sections may be diagrammatic, in vfhicli case th 
vertical scale differs from the horizontal one, or true, as in Fig, 1 27, 
in which case the horizontal and vertical scales are the same. 
It is g'enerally necessary to use diagrammatic sections, except 
■when the district mapped is hilly and not extensive, In order to 
construct a liori^ontal section, it is necessary to know the genera' 
contour of the country and the positions of the strata. Wher 
a stratum reaches the surface it is said to have an outcrop, or ' t 
outcrop,' and a geological map aims at showing all the outcrops, 
so th^t it gives the positions and extent of the strata at the surface 
of a country. The nature of the strata is determined by obser- 
vation and indicated on the map by different colours. 

Fossils are remains and traces of plants and animals 
found in the crust of the earth, — Objects are frequently 
found in stratified rocks which differ entirely from the sedimentary' 
deposit in which they occur. Thus, a piece of shale may have' 
upon it the remains of a fern- leaf, such as that shown in Fig, 107, 
and a close examination of it makes the fact apparent that the leaf 
must once have formed part of a living plant. Or shells and other 
remainSj similar in appearance to those represented in Fig. 106, 
are found. These objects are called fossils. True fossils are 
those in which all the organic matter has decayed away and 




Fig. izS. Bird-liice footprints, from Turner's Falls in the Conaectlcut River, 

been replaced by mineral substances so that an exact model of: 
the original body is preserved. But the term is also extended to 
apply to markings on sandstone resembhng the ripple-marla often 
observed on the soft sand of a siielving beach, to foot-prints, to 
the little piltings produced by rain when the rock in which 
they occur was soft and motst, to burrows, etc. And often, 
instead of the original shell, bone, or other object being preserved, 
not a particle of it remains, but only ' casts ' or hollow spaces 
showing the markirjgs of the body pTevi-ousYj e.Tickis,fei \ti tUem, 
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(Fig. ii8). Although fossils have been known for a very long 
time, their significance was not understood until about the 
beginning of this century. They were looked upon as curious 
objects, and classified with crystals, and were said to be the shells 
of animals which would subsequently be brought to life. Now, 
however, it is definitely known that they represent the remains 
of extinct plants and animals. 

Fossils show the conditions under which the deposit 
of material in which they occur took place.— In general 
the animals and plants found in fresh water lakes and rivers differ 
from those which occur in tlie sea, although some fishes, e.g., 
salmon, trout, &c., can live in either fresh or salt water. 
Similarly, some organisms live in shallow and others in deep 
water, FossUs are therefore classified according to their habita- 
tion during life. There are marine fossils ; fresh water fossils ; 
lacustrine fossils, representing animals which dwelt in lakes; 
fluviatile, or those that inhabited rivers-, estusrSne, which occur 
in the sand deijosited in estuaries; and terrestrial fossils. The 
biologist is able to distinguish each of these forms from the other, 
hence, by utilising this knowlege, the geologist is able to Learn 
something about the mode of formation of the locks in which 
the fossils occur, and the conditions under which the organisms 
which they represent existed. 

Fossils enable a stratum to be identified. — About the 

beginning of this century Mr, Wilham Smith, a land surveyor, 
whilst engaged in cutting the canal between Bath and Bristol 
observed that each of the different beds passed through was dis- 
tinguished by certain fossils, so that it was possible to classify the 
strata by the fossils they contained. This being so, to deteriuine 
whether a bed found in two different places was of the same 
geological age it is only necessary tg make an exnminatlon of the 
fossilB collected at each place. It must be at once understood, 
however, that fossils of the same geological age may be unlike 
each other, owing to the differences due to condition, previously 
alluded to. Thus fossils found in adjacent sandy and muddy 
banlts may be very different, although they existed at the same 
period. Also, the climatic conditionsbeing different over different 
portions of the earth, even at the same time, caused the forms of 
life to reach dilTerent stages of development. All that can be 
said then, when peculiar fossils are found in widely separated 
strata, is that the organisms they represent '^^ob^'aVj 'vwti. -i-tAss. 
similar ccntlilioiis, 



350 



ELEMENTARV PHVSIOGRAPHV. 



Fossils enable the relative ages of strata to be deter- 
mined. — From the point of view of the naturalist, the lowest 
form of life was the first to appear on the earth, and from it have 
evolved in millions of years all the higher orgiinisms. In general, 
in passing from, older to newer stra.ta the fossils change from lower 
to higher organisms, and, therefore, the older a rock the greater is 
the difference between, the fossils found in it and the plants and 
animals existing at the present time. Certain fossil plants and 
animais occur only in certain strata, and are taken as type fossils 
of these strata. On the other hand, other species are found run- 
ning through numerous strata, but occurring most abundantly in 
one of them. Fossils may be divided into three groups, viz., 
(i) Fossils of plants ; (2) Fossils of vertebrate animals, that is, 
animals possessing 3 flexible backbone and an internal frame- 
work or skeleton, a true brain, and a spinal cord; this group 
includes fishes, reptiles, birds, and mammals; {3) Fossils of 
invertebrate animals, iu which the characteristics of verte- 
brates are absent. Either of these groups can be used to 
mark geological time. It 33 found, however, that plants are 
not very satisfactory witnesses ; invertebrate animals are 
much better; but probably the most reliable evidence of 
climatic and other geological changes is afforded by fossils 
of vertebrates, 

Geological Periods. — Geologists classify the stratified rocks 
into periods according to their relative age, as indicated by fossils. 
The oldest rocks, in which life is unknown, are known by the 
name of Anhem, or Pf^-Cambrim. Theti follow the Primary 
or PaltEOsok (ancient life) rocks, which are divided for con- 
venience into Older Pateozoic and Newer Pal^oioic. The former 
period was essentially an age of invertebrates, and no vertebrate 
animals are known except in the uppermost strata. Very few 
fossil plants belong lo this period. But when the Newer Falasozoic 
period is reached, vertebrates in the form of fishes are plentiful, 
and plants allied to the club-mosses and horse-tails of the present 
day are also found. In the succeeding Seconiaty or Mesesoic 
(middle life) rocks, plants are very abundant. Enormous reptiles 
also existed, but very few mammals. During the Tertiary or 
Ca 'tnosote (recent life) period, the reptiles gradually diminished 
in size and in number, and became nnore like those of the present 
day. The higher organisms, both of piants and animals, became 
much more common. Each of these four great divisions repre- 
^'^ts <inorinous periods of time and gieai t.\\\"i'«.ti'e^i^>e,^ ci'i wiv^sa., 
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and are further subdivided into smaller systems or formations, u 
shown in the following table : 



^ Post -pliocene 
Tertiary or Caincofc ) 
(age of mammals) ^ Oligocene 

(^Eocene 
i Cretaceous 

Secondary oi Mesozoic J Neocomian 
(age of reptiles) "1 Jurassic 

(Tr lassie 

„ , ("Permian 
Newer Palaeozoic ) Carboniferoa. 

(age of fishes) (Devonian 

Older Pateozoic J S^er sllUJiaH 

(age of invertebrates) ( Cambrian 

(Life unknown) Archean or Pre-Cambrian 

Although ihe Archean rocks have been estimated to occupy 
something like one-half the known land surface of the globe, 
they catinot be subdivided, because alt fossil remains, if any ever 
existed, have been effaced, and in nearly all cases metamorphisni 
has completely obliterated the original stratification. It is ex- 
tremely likely, however, that these rocks represent a period quite 
as long as that which has elapsed from the Cambrian to the 
present time. 

Order of Succession of Strata. — It is hardly necessary to 
say that the formations shown in the preceding paragraph do not- 
lie regularly upon one another from the Archean upwards Itke 
the coats of an onion. If this were so it would be impossible 
for us to know anything about the older rocks. In consequence 
of the movements which are continually going on in the earth's 
crust, the strata have been tilted up at various angles and some- 
times occur vertically. These upheavals have brought the older 
rocks to the surface and enabled them to be investigated. But 
although the succession indicated in the table may be considerably 
interrupted by some intermediate beds having been worn away or 
accidentally disturbed, the order of the strata always remains 
unaltered, that is to say, Cretaceous rocks are alwo-Y^ 5fo^^ 
Carboniferous, and Devonian, oi 0\i ^.^-cvfisAoftft-, 
them, except in a. few places -wKeie gtea\. ^v'eX.\i3tMic» tiasa. 
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forcibly caused an inversion of strata. This arrangement will be 
at once understood from an examination of a geological map of 
England, Roughly speaking, in travelling across England and 
Wales from Harwich to St. David's Head, we first meet with the 
clays, sands, and gravels belonging to the Tertiary system ; these 
rest upon the Cretaceous rocks exempliiied by the chalk downs 
of South-east England, whilst the Cretaceous in turn He over the 
Oolitic limestones, shales, and sandstones of the Jurassic system, 
which occur in the Midland counties. Dipping under the Oolites 
is found the blue Lias, whicli stretches from Lyme Regis to 
Whitby in an irregular line, and then the red. sandstones and 
marls of the Triassic system. The niagnesian limestones of the 
Permian system pass under these and over the coal measures, 
millstone grits, and carboniferous limestones, which characterise 
the carboniferous period. The next formation consists mainly of 
dish coloured sandstone known as Devonian or Old Red 
Stone, and illustrated by rocks in Hereford and South Wales. 
The Upper and Lower Silurian and the Cambrian gritstones and 
shales pass under these in succession, and finally rocJcs of the 
Archean period are reached. This arrangement of systems of 
rocks one upon another is illustrated diagrammatically by the 
accompanying section. (Fig. la^J 




Fig, I3g. Geoeral arisngement of British Stra-ta, 



QUESTIONS ON CHAPTER. XIII, 

1. What is the probable phjiiical and chemical condition of the interior of 
the eirth i 

2. Name some characters impressed on roctis doriog tlieir fommtiO'ii. 

3. V3uit locks are formed by \hs conaoUdadon of saods, cky, and shells, 
and how Is the change brouglit about 7 

^ Give sji explsDatioD of Che cause of tbe common hexagonal form ol 
basalt ccilunias, 

5. \Vhu.t Esineant hy *dra\viE|; to scale'? What ia the difference tielween 
£ iSa^rsjnjnatic and true iliuslratioa of an object? 
6. Describe the general appearance of con tone-lines on the Otdnanee Survey 
Afap of the district in which yonlive, aiA eTtpliin meamng. 
7. How caa the relative ages ot atiatifiei tocVi^te 4«KCTW.T*a.1 
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THE DEPTHS OF THE SEA. 



The Seas and Oceans. — About three quarters of the whole 
surface of our globe, or 145,000,000 square miles, axe covered 
with water. This enormous area is divided into several branches 
or compartments by masses of land, and a particular nam? has 
been given to each division, but really the water forms one 
continuous whole. 

The following ate the five great divisions of this water surface, 
with their distinctive names and general position relative to the 
continents : — 

The Pacific Ocean, separating Australia and Asia from 
America. 

The Atlantic Oeean, separating Europe and A&ica from America 
—-the Old from the New World. 

The Indian Ocean lying between the Antarctic circle and the 
south of Asia and separating Australia from Africa, 

The Arctic Ocean lying within the Arctic circle. 

The Antarctic Ocean, lying within th« Antarctic circle. 

The first three of these oceans are great highways of traffic 
between the continents ; the two remaining; are not imporlaot in 
this respect, but in them, and in the former especially, a consider- 
able amouc of valuable whale fishery goes on. 

The numbers contained in the following table will give an 
idea of the comparative .size of these oceans : — 
Greatest Greatest 



Pacific Ocean 
Atlantic 
Indian „ 
Antarctic „ 
Arctic 



I-ength 
miles 

9,noo 

9,000 

5.5°° 



Width 
miles 

12,000 
3,600 
CjOoo 

2,500 



Area 

sq. miha 

67,000,000 
54,000,000 

z8, ODO,OQO 

7,000,000 
S, 000, 000 



Average- 
depth 
miles 



There is a much larger amount of water south of the equat 
than north of it. In the former we have the AntarctiCj Pacific, 
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Indian, and Atlantic Oceans fonning a belt completely surround- 
ing the earth, and the land surfece only occupying about 
one-third the ajea of that in the northern hemisphere. 

Land and Water Hemispheres. — If we take a globe and 
set it so that London is at the top, it will be raaniresc that we 
shall be able to see a hemisphere of the globe, and inspection 
would show that most of it consists of land. The other hemisphere 
would be seen to consist almost entirely of water (Fig. 130). 
l,ondon, in feet, is nearly the centre of the land surface of the 
earth, and Antipodes Island, near New Zealand, is nearlj' the 
centre of the water surface. 

The salts dissolved in sea water amount to parts per 
100 in ordinary sea water; hence, if we take 100 ounces of aea 
water and evaporate it we get about 3J ounces of solid matter 
left. In the case of an inland sheet of water, like the Dead 
Sea, the proportion of dissolved salts is much greater, being about 
26-5 per cent. The percentage composition of the matter held 
in solution is shown in the following table : — 

Salts. Ordinary S-ea Waler, Dead Sea Water, 

Sodium chloride 3'73 7 -7 5 

Magnesium chloride 0-38 I4"S9 

Magnesium sulphate 0*19 — 

Calcium sulphate o'rj 0*07 

Potassium chloride o'oj o'6s 

Magnesium bromide o"oi — 

Calcium carbonate o'or — 

Calcium chloride — 3'ro 

PotassiLim bromide — o'ja 

3'5g 36'48 

It will be seen that of the salts dissolved in ordinary sea 
water a little more than Chree-foUrths consist of Sodium chloride 
(common salt), the remainder being made up of various other 
substances, of which magnesium chloride, magnesium sulphate 
(Epsom salts), and calcium sulphate (gypsum), have the largest 
proportions. 

All the streams that run into the ocean take into it 
a small quantity of earthy matter; it is, therefore, likely 
that the waters of the ocean have dissolved in Ihern a small 
quantity of every element. It is found that ihe proportion of 
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each salt present in sea water, with the exception of cnlciu 
carbonate, is the same whether samples be taken from the surface^ 
or s. great depth. In the case of calciurn carbonate the amoim* 
dissolved increases slightly with the depth, because the deeper 
water contains more carbon dioxide owing to the greater pressure, 
the carbon dioxide being produced hy the decay of animals and 
plants, and in a macli greater extent from the submarine voleanoes 
which eitist at the sea bottom. 

An idea of the magnitude of the dissolved salts may he 
obtained from the fact, that, if all the water in the ocean were 
evaporated, the layer of salts left on the ocean bed would be 
170 feet thick. 

The saltness of sea water varies very slightly. It does 
not depend upon the latitude or longitude of the place from 
which a sample is taken, and is not affected by depth. Local 
circumstances produce tjie slight variations which exist. Where 
the evaporation is in excess of rainfall, — as in the North and 
S6uth Adantic, owing to the trade- winds constantly blowing there, 
—the proportion of saline matter is increased. In the equatorial 
belt of calms the rainfall is in excess and the watei is therefor 
comparatively fresher. And the watef is also comparatively fres" 
in the Polar oceans, owing to the large amount of fresh water pro 
duced by the melting of ice. Similarly, the Irish Sea contains les 
dissolved salts than the Atlantic, because it is diluted by the rivers 
flowing into it. No part of the open ocean contains water as sal 
as in some inland seas, such as the Mediterranean, where th 
proportion of saline matter is 4 per cent.j and in the Red S 
where it is 4-3 per cent, 

The constituents of the atmosphere are absorbed by 
the surface waters of the seas,— The gases dissolved form 
from 2 to 3 per cent, of the volume of the sea. Twenty-five pi. 
cent, of this consists of carbon dioxide, twenty-five per cent 
oxygen, and the remaining fifty per cent, is nitrogen, Nitroger 
and oxygen are beSieved to be entirely derived from th 
atmosphere. The nitrogen is fairly constant. Oxygen varies wit 
the amount of oxidationj and with the amount of respiratio 
by the submarine organisms it enables to live. The carbon 
dioxide plays a most important part, for water containing it i 
solution is capable of dissolving carbonates of lime and magnesi 
Its production has been previously noted, and also the factth 
it is most abundant towards the bottom of seas, in this respe 
diSeriijg from oxygen, which occurs in the greatest proportion 
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the surface. A certain amount of organic matter brought down 
from the Jand by rivers, and resulting from the decay of animal 
:ind vegetable life, is also contained in sea water, and isrves as 
food for some of the animals living in it. 

The cause of the presence of dissolved matter in the 

sea depends to some extent upon the fact that streams and rivers 
are constantly bringing it dq-wn fronj the land. Evaporation is 
continually going on, that is to say, sea- water is continually losing 
pure water from its surface. The latter is eventually returned to 
the eailEi again in the form of rain or snow. Some of it falls 
upon the land surface, and reaches the sea again in the form of a 
stream or river containing- another burden of dissolved salts. It 
would seem, therefore, from this fact alone, that the proportion of 
dissolved matter is increasing. But this action is hardly sufficient 
to account for the presence of the enormous quantity held in 
solution. It is now generally believed that at the time when 
many minerals which now ordinarily exist in the solid form were 
present in the atmosphere as heated vapours, hot rains occurred 
which brought down to the earth water strongly saturated with 
mineral matter derived from the atmosphere. This collected 
in the hollows and troughs of the surface of our then intensely 
hot globe, and formed the seas. The sea must, therefore, always 
have contained mineral matter jn solution. The increase in the 
amount of dissolved matter in the ocean is mostly prevented by 
the requirements of the plants and animals existing in it. 

Sea-water has a higher specific gravity than pure 
water. — Thus, if we take a bottle which contains i lb. of fresh 
water and weigh it full of sea water, we find the weight of the 
water is from van to I'o^i lbs. Hence the specific gravity 
of the sea water experimented upon is about i-o26. This 
is s-ubject, however, to a slight variation. The highest specific 
gravity of water in the open ocean is I'o-jjS, This OCciu'S in the 
centres, of the systems of oceanic currents produced in the North 
and South Atlantic by the trade winds. The ocean water having 
the lowest specific gravity yet observed, viz,, i '0240, occurs in the 
Antarctic Ocean, and is doubtless due to the melting of polar ice. 

The specific gravity of water from the Mediterranean Sea varies 
from 1-028 to I'o^Q, that of the Black Sea from 1-012 to 1-014, 
while that of the Dead Sea is raa). These variations depend 
upon the amount of matter in solution. 

The specific gravity of sea-water increases slightly 

■with the depth. — This is because water, although nearly, is lAjat 
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absolutely incompressi"b)-e. The water at great depths in the 
ocean is under enormous pressures, due to the mass of water 
resting upon it, The result is an increase of specific gravity as 
exhibited in the following table : — 

Depth in Fathoms gf Pro-pprtHpnal Weight 
the WaterFrom which the of Salt in lOO Specific Gravitj. 

Sample was taken. parts of th« Waier. 

loo 35206 1*0278 

aoo 3 "4743 VoaSg 

300 3'45''9 1-0297 

400 3'4S69 i"03O7 

1,900 3"49oS 1*0525 

It will he seen that the regular increase of specific gravity is not 
due to an increase in the proportion of dissolved matter, for this 
really suffers a decrease. Although the variation is extremely 
small it is tiiost importatit, for if the water were not compressed 
at all, hut existed as a mass uniform in specific gravity from top to 
bottom, the entire water surface would rise some 120 feet above 
its present level, and so submerge 2,000,000 square miles of the 
present land surface. 

Methods of determining Ocean depths. — The old method 
of determining the depth of the ocean was by means of a heavy 
piece of lead attached to a rope, but on account of under- 
currents the rope rarely went down verticaUy, and exaggerated 
results were obtained, which gave rise to the idea that in certain 
parts the ocean was ' unfathomable.' In all modern lines the 
weights, which are very heavy, are detached on teaching the 
bottom, and roll away. An apparatus used during the expedition 
of H.M.S, ' Challenger ' (1872 — 76) is as follows A brass tube 
about two inches in diameter, and having a pair of valves opening 
inwards at the lower end, is attached to a sounding line of wire. 
An iron washer is held on the tube about 18 inches from the end 
by means of a wire sling, and on it res! three or four sinkers, 
each 56 lbs, in weight. When the sounding line has been paid 
out sufficiently, the tube strikes ami is for,:efl into the bottom of 
the ocean floor as fat as the li ■ 
sinker. As soon as ihe sinkers 
sliriff supporting lb' 
end of the tube : 
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fie- ijt. 

Til* Tlvilis ^l-ll<tinR Cnf. 

A D it n. ItotloM- in^ic hfliTnt; 

C. l>, E *ii<l r nrt wcii^lit* 

wl'i. . , jK^tiion hy 

m- I -jn? «ling At 

I <7ie wflinr 

in fl(K>^ the 
■Tfl and llie 



lessened.and the consequent slackening 
or the late at which the line had been 
previously running out tells that the 
tottom has been reached, The tube, 
■containing a sample of the ocean bot- 
tom, is therefore drawn np to the 
Surface for examination, whilst the 
sinkers are left hehind. (Fig. 131.) 

The Continental Plateau.— The 

continents — three in the northern 
hemisphere, Europe, Asia, and North 
America, and three in the southern 
hemisphere, Africa, Australia, and 
South America — are simply masses of 
relatively high land, which, in the 
cases of Europe, Asia, and both 
Americas, rise gradually from the sea 
iliore to the interior. They occupy 
about five- sixteenths of the surface 
of our globe. The bottoms of the 
great ocean ba.sins cover about one- 
half the sui'face, aod the sides leading 
up to the land now above sea-level 
fill up the remaining ihree-sixleenths. 
Much of the present land surface 
only represents the highest points of 
regions of land, all of which were 
above sea-level at some former time. 
And many seas, such as the North Sea, 
Black Sea, Mediterranean Sea, &c., are 
really but slight depressions in what 
was once a vast continent. In those 
days Great Britain was joined by dry 
land to the other parts of the European 
continent. This is indicated by the 
remarkable shallowness of the seas 
around the British Islands, and aEso 
by the similarity in constitution of 
the chalk cliffs of Kent and those of 
Northern France. SimilarU', New 
Guinea was once joirted la A-A^S^ti.^. 
In fact, lA 
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whole land surface of the globe simply consists of protrusions 
above the levei of the sea fiom what is well termed ' the 
continenlal plateau.' The remaining regions of elevation occur 
iin detached areas, the largest of which lie in the Pacific 
Ocean and about the South Pole. The rocks which raake 
up tlie numerous islands in the Pacific are entirely different, how- 
ever, from those cOnlpOsing the grea-ter part of the continents, arid 
give reason to believe that these islands are the tops of old 
volcanoes through which molten rock was formerly ejected from 
the interior of the earth. Such cones are often capped with 
coral when rising nearly to the surface, and at a lower level are 
covered with the shells and skeletons of deep sea organisms. 

The Depth of the sea seems to be on an average s,doo 
fathoms, that is, about miles. In some places, however, the 
depth is much greater than the average, and in others much less. 
The depths greater than 4,000 fathoms (4^ miles) are local, and, 
seem usually to be pi ts in the earth's crust formed by volcanic action. 
All the oceatis He in great depressions, which occupy about one 
half of the surface of our globe, and run, to a certain extent, 
parallel with the axis of the neighbouring continent. The greatest 
depth in the Atlantic^ S<^75 fathoms (nearly miles), is situated 
to the north of Virgin islands. In the Pacific the deepest part 
occurs to the south and east of Japan, where a sounding of rather 
more than 5 miles ha.s been obtained. 

The heigfht of the continents is, on an average, approxim- 
ately 1,000 feet above sea-level. We can thug determine the 
proportion of land above sea-!evel to the volume of water in the 
oceans, Using this estimation, the ratio of the volume of dry 
land to the volume of water is as i is to 41. The height of the 
highest mountain above sea-level is about 5 miles, and the 
greatest depth of the ocean is also about 5 miles. This inequality 
is comparatively insignificant, however, on a globe 4,000 miles in 
radius, like the eanh. An idea of the amount of irregularity may 
be gathered from the fact tliat it would be represented on a globe 
I foot in diameter by a depression of ^'^ of an inch. 

The form of the sea-hottom is very different from that 
which characleriiiGS the land surface. After the depressions on 
the earth were converted into seas and oceans, the land above 
sea-level was battered and broken by copious rainfall and other 
agencies, and the disintegrated products carried into these waters 
by rivers. The same forces are working at the present time, and 
as a result of their action we see the sharp and bold ridges and hill 
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tops which make the eaitt'g surface picturesque. At the sea-bottom 
these denuding forces do not exist. The ridges there are covered 
with deposit, smooth, and not much above the general level. Hill 
and viilley occur as on the land, but all hollows get gradually iiiled 
up, so tliat the bottom appears like a vast undulating plain, varied 
here and there hy a volcanic cone, which, rising above the surface 
of the water, forms a volcanic oceanic island, or by coral islands, 
Remarkable inequalities in the bottom of the Atlantic. 

— If we travel from the west of Ireland to Newfoundland, 
and measure the depth of the water at various pa^ts^ we should 
find that the least depth was 1,750 fathoms;, and the greatest 2,424 
fathoms. The bed of the Atlaalic between these poirtts has few 
irregularitieSj and consists of extensive levels covered with a grey 
Iftud, which, On examination, is foilnd to consist chiefly of 
the shelly of the minute animalcul^e found in abundance on the 
surface of the sea. This submarine plateau is; known as tlie 
'Telegraph Plateau,' because on it were laid, in 1865-66, the 
submarine telegraph cables between England and America. 

Other submarine ridges or plateaus of relatively high level run 
along the ocean floor. They were formed in a similar manner to 
the continental plateaus — by the shrinking of the earth's interior 
and the cons.equent wrinkling of its surface. The water is of 
sufficient depth to submerge them at the present time, but in all 
probability these submarine plateaus were the surfaces of land in 
former times- They ate itiore or less parallel to the axis; of the 
continent near them. The souiidingsobtained during the Challen- 
ger expedition show that there is a ridge running along the middle of 
the Adantic from Iceland to the Antarctic Continent. North of 
the equator it is known as the ' Dolphin Kise,' on sccount of some 
soundings made by the officers of the U. 3. vessel ' Dolphin ' in 
185 1, South of the equator it is called the ' Challenger' ridge or 
rise, and the portion joining these two is the 'connecting' ridge. 
Upon this ridge are situated the volcanic islands of the Azores, 
Ascension and Friendly Islands, St. Helena, &c. Tlie average 
depth of water on the ridge is 1,500 fathoms, and the average 
depth on each side is 2,500 fathoms. The greatest depth 
obtained in the Atlantic was immediately north of ihe 
Virgin Islands, where there is a hollow 3,875 fathoms or nearly 
miles deep. At this great depth the pressure of the water was 
nearly tons on every square inch of surface, and the glass 
thermometers sent down to register the temperature were crushed 
tinder the enormous pressure. (Fig. 13?.) 
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Remarkable Inequalities in the Bottom of the 
Pacific. — The Pacific Ocean appears also to be divided by a 
submarine ridge running along its greatest length from North 
Chili to Japan. The bed of the North Pacific, however, differs 
considerably from that of the North Adantic, inasmuch as it 
does not present extensive levels but is somewhat abruptly 
unequal. Captain (now^ir George) Nates, of the ChaUenger, 
sounded 4,575 fathoms (about 5 miles) near the Admiralty 
Islands at Papua, and Lieutenant Belknap, of the United States 
Ship ' Tuscarora," reached 4,643 fathoms outside of the northern 
extremity of the ridge on whicb Japan stands, these two sotindings 
being the greatest reliable ocean depths ever recorded. (Fig. 13a.) 

The action of the sea upon the earth's crust must have 
been noticed by evsry one who has seen waves dash against a 
sea coast. Large fragments of rock are loosened and fall into 
the water and are broken up and used to batter other portions ; the 
rough fragments thus get smoothed and reduced to pebbles, and 




■^Ig- 133' IHiiatration of the actiou of tlie sea in wearing away a coast Una 
{Front a notogra^h ly IVilim af Abird<in\ 
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then to sand. If the coiist be steep, and the underlying rock 
relatively soft, the base of ii cliff may be worn away until the 
weight of the overhanging top causes enormous masses of rock 
to break off and tumble into the scii below. Land-slips of this 
kind occur along the south coast of Devonshire and Cortiwall. 
Some parts of a cliif are often softer than others, and so caves 
channels, and creeks are formed, and if. there are portions muc' 
harder than the general mass of rock, they are left as isolate 
outliers, needles, or stacks in the sea, while the coast-Une is bei 
worn away (Fig. 133). The process by which rocks are broken u 
is termed weathering, the loosened material is called debris 
dstyiiics, whilst the general work of disintegration and removal i 
termed denudation. 

The nature of the material on the sea floor has bee 

determined from examinations of the specimens brought up b 
sounding rods such as were used during the ' Challenger ' expe 
dition. From the land for about aoo miles the materials met 
with are sand, mud, Sc., brought down to the sea by the rivers ; 
but beyond this limit the deposit is of quite a different character 
hence they have been divided into terrigenous or shore deposits, 
and abysmal or deep-sea deposits, These have been sub-divided 
by Dr. Murray in the manner shown in the following table ;— 

(Shore formations 
Blue mud 
Green mud 
Red mud 

Coal-mud and sand 
Volcanic mud and > 
sand 

r*Red clay "j 

1 Globigerina ooze f Found m the abysmal 
■< Pteropod aoie V regions of the ocean 
] Diatom ooze ( basins. 

(^Radiolarian ooze j 

The blue, red, and green muds are found in the dee 
water round continents and continental islands, and in enclosed 
partially enclosed seas. They mainly consist of particles derive 
irom the disintegration of rocks and carried down to the sea, sus- 
pended inthe water of rivers. As Che river loses its velocity the larger 
fragments Aie first deposited, finer pieces are cairied further out into 
the sea. before, the/ sink and £orma&edinienXia.'[vA.\ii£&ueW\ja.rticl 



deposits 



Deep-sea 
deposits 



) Found in inland seas an 
along the shores of con- 
tinents. 



Found about oceanic is- 
lands and along tbe 
) shores of continents. 
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may he carried out 200 or 300 miles berore they settle on the 
sea floor. Green muds resemble blue muds in most respects. 
Red muds differ from these in containing a large proportion of 
ochreous matter. These sedimentary deposits represent a stage 
in the fortnation of shales, sandstones, and other stratified rocks 
for future epDcTis. 

Volcanic muds and sands are produced by the distntegra- 
tion of volcanic rocks, and occur around volcanic islands. They 
only (iifler from each other in the size of the particles of which 
they are composed. 

Coral muds and sands occur near coral islands and shores 
fringed by coral reefs. They often contain 95 per cent, of car- 
bonate of lime, made up of liie remains of corals, lime-secretingr 
algas, fotaminifera, mollusca and similar plants and animals. A 
large amount of amorphous matter occurs in coral muds. In 
coral sands there is a less proportion of this material and a larger 
proportion of remains of" calcareous organisms. 

Deep-sea deposits differ from those found near continents 
in the absence of the remains of continental rocks, the 
presence of numerous minute shells of organisms which have 
fallen to the sea bottom, and in an abundance of fine volcanic 
material, which lias generally been much altered. The particles 
constituting continental muds get smaller in passing seaward from 
the coast, the shallow-water organisms gradually die out, and give 
place to those that flourish in the deep sea, so that the mud fiiially 
merges into a deep sea deposit. 

Globig^erina oOze is a fine soft mud, white, yellow, brown or 
red, according to the occurrence of oxides of iron and manganese. 
When dry it is like powdered cballc,and it has the same chemical con- 
stitution (carbonate of lime). It consists almost entirely of the dead 
shells of animals known as GlobigeriniS, belonging to Che group 
Foiaminifera, The proportion of carbonate of Ume may vary 
from 40 to 55 per cent., the remainder being made up of other 
compounds of lime, magnesia, iron, manganese, and silica, 

Pteropod ooze only differs from Globigerina ooze in havitig 
a greater variety of shells of Foraminifera, and in the presence of 
the thin delicate shells of a species of deep-sea mollusc known 
as Pteropods. 

Diatom ooze is a pale straw-col oured material composed 
chiefly of the remains of microscopic plants, called diatoms, ihnt 
live on the surface of (he ocean and secrete silica to build up 
their cells. When the plants die, the cells &\'c\\s. \.q 'fct'o^^.'swvi^ 
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ihe sea lo form a deposit. Aboiit 25 per cent, of carbonate 
of lime usually occurs in diatom ooze in the form of Globigerina 
shells. 

Radiolarian ooze consists of tlhe minute shells of Radiolaria, 
animals having the property of secreting silica from sea. water. 
Tie diflerence between Globigerina and Radiolaria lies in 
the fact that the former has a calcareous and the latter a 
siliceous shell. Globigerina ooze generally contains Radiolaria, so 
also does Diatom ooze. In some regions the deposit consists 
jirincipally of the skeletons of Radiolaria with scarcely a trace of 
carbonate of lime. But in Others the lemoins of Foraminifera 
make up as much as 20 per cent, of ihe ooze. 

Red clay deposit characterises all the deepest parts of the 
ocean. Much of it represents the residue which results from the 
decomposition of the skeletons of calcareous organisms, la 
some of these days, however, only a small proportion of silicate 
of aluminum may be present, the remainder consisting of minute 
mineral fragments and remains of siliceous organisms. The 
mineral particles mostly have a volcanic origin, and exist in a 
more or less altered condition. If a weak acid is added to an 
organic ooze a residue Is obtained identical with that found on 
the ocean bottom. Near continents such a residue bears a small 
proportion to the catbonace of lime. Its relative abundance 
increases, however, with the depth and the distance from 
continents, until at great depths calcareous organic remains are 
absent, and the residue predominates. The organic and the red 
day deposits thus pass one into the other. The latter deposits 
generally contain a number of minute speclts of iron and 
manganese, which doubtless represent the remains of some of the 
400,000,000 meteoritic particles that fall upon the earlli every 
twenty-four hours. Sharks' teeth, the ear bones of whales, and 
portions of the bones of other marine animals also occur in red 
clays embedded in thick coalings of oxides of iron and manganese 
— compounds which give the days their characteristic brownish 
or red colour. 

The distribution of organic oozes and red clay is 

summed up by Dr. Murray as follows; ' The organic cozes and 
red clay are confined to the abysmal regions of the ocean basins. 
A Pteropod ooze is met with in tropical and sub-tropical regions 
in depths less than 1,500 fathoms ; a Globigerina ooze in the same 
regions between the depths of 500 and 3,80a fathoms ; a 
Radiolanan ooze in the central portions of the Pacific, at depths 
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greaWr than 2,500 fathoms ; a Diatom ooze in the southern ocean 
south of the latitude of 45° South ; a red clay anywhere within 
the latitudes of 45° North and South, at depths greater than z,zoo 
fathoms.' 

All the forms of life found in the ocean are most numerous 
near to the continental plateau, where there is shallow water and 
abundance of food in the shape of calcium carbonate and silicon 
brought down Ijy the rivers, Another reason why the number 
should diminish with the distance from the continental plateau is 
that in all probahility all deep sea animals have their origin in 
shallow water and have migrated oceanwards. At a depth of 
half a mile there are no plants, but still numerous animals. At 
a mile or more the majority of the animals met with are of an 
entirely difierent species from those near the surface; the same 
species of animals are found, however, in all the oceans at about 
the same depth. 

The estimated area covered by the deposits, tiie mean depth at 
which they occur, and the mean percentage of carhonate of lime 
in them is tabulated below : — 



/■Red clay 
Oceanic 1 Radiolarian ooie 

Oozes Diatom ooze 
and Clay j Olohigerjna ooze 
(^Pteropod ooze 
rCoral sands and 

Terri- 1 muds 

genous < Otherterrigenous 
Deposits J deposits, blue 
muds, &c. ... 

Calcareous shells do not accumulate at great depths 

in the ocean, although the lime-secreting organisms may be as 
numerous on the surface as in shallower waters. The absence is 
accounted for by the fact that at great depths the sea water, on 
account of the great pressure, contiiins a greater amount of 
dissolved carbon dioxide than the water at hig^her levels. The 
carhonate of lime, therefore, of which the shells are composed, 
is dissolved and passes into solution before they reach the 
bottom ; at depths not quite so great, the thinnest shells ^v^. 



Area in 
square miles. 


Mean per 
Mra.n depth ceniage of 
in falhomi. carbonate 
of lime. 
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i,ii3 
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dissolved and the coarsest only are deposited. Siliceous shells 
can of course exist at sll depths in the ocean. 

The decrease in the percentage proportion of carbonate of 
lime with increased depth is exhibited in the last column of the 
foregoing table. The shells of Pteropods and Che more delicate 
Foraminifera occur very abundantly in deposits from depths 
between 700 and i,oqo fathoms, whilst only traces of the same 
shells are found between 1,800 and 2,000 fathoms, and at depths 
of 3,000 fathoms or more the carbonate of Itme mijy be said to 
disappear entirely. Indeed, quartz-sand, pebbles, and greeiisand 
appear to be the only minerals which preserve their integrity at 
the bottom of the ocean ; felspar and mica are rarely found. 
The abysmal muds consist very often of the finest sand with some 
mica flakes, and just sufficient clay to produce cohesion. 

A comparison of terrig^enous deposits with sedi- 
mentary rocks indicates that the two formations have had 
similar origins. The material deposited on the borders of con- 
tinents and continental islands, and in enclosed seas, is of the 
same kind as that which makes our chalks, sandstones, conglom- 
erates, shales, and other sedimentary rocks, and it only requires 
to be hardened by pressure, and raised above sea-level, to form 
a solid land surface. We have shown that these necessarily slow 
movements of elevation and subsidence are continually going on, 
hence it is concluded that the sedimentary rocks of the present 
continents were originally deposited beneath the surface of the 
sea around former continents, and afterwards elevated to their 
present position, whilst other portioiis of the continents subsided. 
Such changes are constantly occurring, and so the form and size 
of all continental areas are always varying. 



QUESTIONS ON CHAPTER XIV. 

1. How is the depth of ihe ocean determined I (iSSS.J 

2. WImt are the chief substances present in solution tn the waters of tiie 
ocean, and whence are they derived t (18S7.) 

3. What do you know concerning the animals which inliabil the detpest 
pfttts of the ocean ? (1885.) 

4. What is globigenna ooze, and where is it rouni? ^^82.) 

5. What is tlie average specific gravity oF sea-waler? What causes the 
slight variations of specific gravity of water fiani diA'erent depths and dif. 
ferent places? 

A Deiciibe some retnaihabje inequalities in (he bottom of the Atlantic 

fftdAc Oceans. 



THE TEMPERATURE AND MOVEMENTS OF THE EEA^ J 



J. What is the probable oci^n of the red claj' deposits founil over the 
ocean botlora f 

S. What is the chief difference between the chemical lomposition of Globi- 
getiaa ooie and of Kadiolarian ooze ? 

g. What are the average and greatest heights of the laud surf&ce and the 
average and greatest depths of the ocean? 



CHAPTER XV, 



THE TEMPERATURE AND MOVEMENTS OF THE 

SEA. 

Measurements of the temperature of the ocean at 

the surfa.ce and at great depths have been made during the 
' Challenger ' and other expeditions, by means of self-registeritig 
thermometers, constructed to resist the "enormous pressures to 
which they may be subjected, and to register the temperature at 
the bottom or any required depth. In deep soundings a series of 
thermometers is often fixed upon the sounding h*ne at known 
distances apart, and the temperature of various layers of water 
thus determined. The thermometer which seems to give the best 
results in researches on deep-sea temperatures is made by Messrs. 
Ne^ettiandZambra, the well-known instrument tnalters. The form 
of the bulb and stem is shown in Fig^, 134. If the instrument is 
held bulb downwards, and subjected to a temperature of say 40° C, 
the mercury in the bulb expands and fills the tube and part of the 
reaeivoir C at the top. And if the ihermoraeter is then held 
bulb up wards, the mercury breaks olTat the part A, where the tube 
is contracted, and by its own weight flows down the lubq, filling 
C, and a part of the tube above. The scale reads upwards from 
C, and the temperature is therefore indicated by the top of the 
mercury in the tube. To set the thermometer the bulb is held 
downward. When the existing temperature is required all that 
has to be done is to turn the bulb upward and keep it in that 
position until the reading is taken. This being so, the tem- 
perature of the sea at any depth can be determined, if it is pos- 
sible to cause the thermometer to turn over when the sounding- 
line has been paid out to the requitei\etvg,iC[\, '^q-w ^■iaacv*i-ioss(k 
is fuieSled, aad the instrument la 5^e\etiXfc4. ^tcwi. 
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Cuming over, can be understood by the enquiring student from 
Negretti and Zambra's own description, contained in the note at 
the bottom of this page* in connection with Figs, 135 and 136. 




Fig. 135. Fig-. 136. 



• A 53 a nielallic frame in which the case B, containing' the Ihenno- 
raeler, ispivotcii upon on axis H, liMt not Iralanced upon it, C ii a screw-faji 
attach^ to a spindle, one eod of which wojks in a socket D, and oo the other 
d isSormed tiie tiread of a screw E, aA)oa.l.tei\£-sa-UKii\Qto4, and juat above 



The surface temperature of the sea in the tropics and 
sub-tropics is from 60* F. to 80" F,, and sometimes 85" F. or 
S6' F. is reached near the equator. There is a general decrease 
from these regions to the poles where the average temperature is 
about 30° F. 

The difference between the tenriperature of the surface water at 
the equator and at the poles is due to the fact that the sun only 
shines obliquely at the poles but is almost vertical at the equator 
all through the year. Again, since the sun is verticil over the 
tropic of Cancer in June and then travels southwards and is vertical 
over the tropic of Capricorn ia December, the waters of the two 
hemispheres are subject to an annual variation, And on account 
of the low radiating power and high specific heat of water the 
highest temperature is reached not ia June but August in the 
Northern Hemisphere, and the lowest in February. The annual 
variations however, is very small at the equator and poles but 
in the temperate zones it may be as much as la". This is about 
the annual variation in the tempecature of the sea around Britain. 
The difference of temperature of the land surface of the globe 
during the hottest and coldest times of a day is very considerable. 



it is a small pin or stop F on the spindle. G ia a sliding stop-pie::*! against 
which the pin F impinges wlien the theimumcter is adjusted fur use. The 
KTtvr E works into the end of the case B, the lengtii of play to which it is 
aijusled. The number of turns of the screw into the case is regi.ila.tcil by nicails 
of the pin and stop-piece. Tlie thennomcter in its case is held in position hy 
the screw E, and deacends into the sea in. this position (Fig. 13$), the faa C not 
acting during the descent because it vs checked by the stop F. When 
ascent commences the fan. revolves, rnise.s ths ^rew and releases the Iher- 

mometer, ivhich ihes turns over and KghlKts the temperature at that spot, 
owing to the aais H being beloiv the centre ofgravit^' of the case £ .as adjusted 
for the descentL Eadi revolution of the fan represents about 10 feet of move- 
ment through the water upwards, so that the whole tilay o£ the screw requires 
70 or 80 feet ascent ; therefore, the space through ivhich the ihermomeler 
should, pass before turning over must be regulated at starting. If the instru- 
tnent ascends a few feet hy reason of a stoppage of the line while altachliig 
olhcf thermoniciers, or through the heave of the sea, or any cause whatever, 
the subsequent descent will cause the fain to cairy hick the stop to its initial 
position, and such stoppages mayoctur any number of liinesj provided the 
Tine is not made to nscend ihroiigh the space necessory [0 cause the fan to 
j-cHcaie the ihcrmomgicr. When Ihe hauling in haa caused (he L«rn over of Ihe 
Ihcimoincier Ihc lateral f|<rinj:: K fo^rces the pin L iniii a blot io the case & and 
donips it {ai seen in Fip. 13G), until iL Is feceiwed on board, so that no change 
of position can occur In IhL' lest of the ascent from any cause. The case B iii 
cut open to expoac the scale of the llierraonietcr, and (s B-lto ^inWiJJt^i- ""i 
•How Cha fiee entry of the witep, 
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But in the case of the surface water of the sea the daily variation 
does not exceed i" F. Tlie water affected directly by the sun's 
rays is in all cases only a comparatively thiti layer on the soffaee. 
At a depth of about half a mile at the tropics the temperature 
falls to 40° F., and there is little or no change from this point 
to the bottom, where the water is ice-cold. In fact the great mass 
of sea water has a tempentture of 40" or less. 
The temperature of the ocean decreases with the 

depth. — In the open ocean the fail of temperature from the 
surface is at iirst very rapid and then slow until about 40" F. is 
reached at a depth which varies from about 300 to goo fathoms. 
This general decrease is exhibited graphically in Fig. 137, which 
shows some soundings obtained between Bermuda and New York 
by the Challenger expedition, and isotherms or isothtrmal lines, 
indicating the layers of water having the same temperature. To 
quote the report, ' In the section from Bermuda towards 
New York eight soundings, seven temperature soundings, and four 
dredgings were obtained. The bottom temperature, at depths 
exceeding 1,800 fathoms, was again remarkably uniform, from 
36-5'' to 36'8°, the mean being 36'6^, nor was it aiFected in any 
way by the cold surface water on the north-west side of the 
Gulf Stream. The isotherm of 40" was found at a uniform depth 
of Sio fathoms for 350 miles N.W. of Bermuda, but after crossing 
the Gulf Stream it rose to z8o fathoms. The other isotherms 
maintained a position parallel to that of 40".' 
" Submarine elevations affect the temperature by cutting 
off a body of water from the ocean and thus preventing the 
free movement which goes on along the floor. Hence, where 
such ridges exist, the temperature may remain uniform for some 
distance from the bottom. A good example of this occurs in the 
Strait of Gibraltar, where the depth of the water is not more than 
3Q0 fathoms. The result is that the only water which can enter 
the Mediterranean from the Atlantic is that which has a tempera- 
ture higher than 54'' P., and can flow over the ridge. The colder, 
and therefore specifically heavier, water is effectually barred out 
by the ridge. Hence it is found that beyond a depth of about 
120 fathoms in the Mediterranean the water has a uniform 
temperature of 54° F., and does not decrease progressively as in 
the open ocean. 

The temperature of the water below 500 fathoms 

in the open ocean appears to be never higher than 40^^ F. Since, 
Jjowever, the temperature of the suiia.te "KaXei a-t the ei^uator 
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Fig. 137 T>iMipamaatianj)nmMi^ 

dxpQiM bBtween SaaAj Hook and Beniiad» Vlw waioK^ \^Hi^> 



■7+ 
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is 80 degrees, there is a tendency for the deeper water at Ihe 
equator to be rauch hotter than waler at the same depth at the 
poles ; but observations prove that this is not the case, and 
therefore the cold bottom water at the equator must have come 
from the frigid zones. The deep sea currents of cold vvater 
do not flow in equal volumes from the Arctic and Antarctic 
Oceans to the equator. The configuration of the land in the 
latter ocean offers every facility for the How of such currents 
towards the north, whereas the only places where tlie Arctic water 
ean flow towards the south are between Europe and America, into 
the Atlantic and through Behring Strait into the Pacific, Sounding 
observations have demonstrated the existence of the ' telegraph 
plateau' between EurO'pe and America, a submarine ridge which 
rises to within 500 fathoms of the surface of the water, hence the 
creep of cold bottom water from the Arctic into the Atlantic is 
prevented at this point, and such water can only flow towards the 
equator through the Behring Strait and the narrow channels 
between Iceland and Labrador. The result of this obstruction is 
that the cold bottom water as far north as the 40th degree of 
latitude comes from the Antarctic Ocean, No better description 
of this could be found than that given by Sir George Nares, of the 
' Challenger,' who, in his temaiks on the temperature of the water 
in the Nortii Atlantic between the equator and the 40th degree of 
latitude, says ; — ' Below the water immediately affected by tlie 
solar heat, which appears to be only the upper 60 or So fathoms, 
all the water in the North Atlantic, as far north as the 40th degree 
of iatitudej is warmer than that at the sanne depth at the equator. 

There being water of a temperature of 33'4'' at 

the equator, with warmer water at all stations north of it, proves 
conclusively that the cold water at the bottom of the Atlantic, as 
far north as the Azores, 38" N., and Bay of Biscay, 48^ N.. equally 
with that at the equator, is derived from an Antarctic and not 
from an Arctic source; for if at the equator the water supplied 
from the southward retains its cold temperature to So great an 
extent, the bottom water of the North Atlantic, if supplied from 
the nearer Arctic Sea, should be at least as cold : but the tem- 
perature of the lowest stratum increases decidedly as we pass 
north, and com|)]etely culs off the Arctic water found at the 
bottom of the Faroe Channel by the " Porcupine " from that we 
have discovered at the equator. 
'Oa the western side of the Al.\an\.\G, a\ b\\ ^.tatiows south o 
the Bermuda and Azores lines, tb& baUom mlfit \^ <in\ei.« "Cftan. 
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the east side, showing that the Antarctic cold current enters the 
North Atlantic and runs to the north-wesLward through the 
channels between St, Paul's Rocks and the Brazilian, coast, and 
gradually expends itself as it circles round to the north-westward, 
in the same ma.nner as the warm equatorial current does on the 
surface, considering that current as including the Gulf Stream, 
which it undoubtedly helps to produce.' 

The Great Equatorial Current is a hioad stream of warm 
water lying north and south of latitude 6*" N., and flowing in a 
westward direction. 

When the siream of water strikes the eastern shores of Africa, 
tor America, or the islands of the East Indian Archipelago, it is 
broken up, some being caused to flow towards the north, and 
some towards the south. But in accordance with the law that, 
if a body is moving from the equator tliere is a force arising from 
the eartfi's rotation which detlects it to the east, the northerly 
current is deflected towards the right hand, that is, east, strikes 
the western shores of one of the continents, and 13 turned again 
into the great equatorial stream ; a sort of enormous vortex of 
water is thus formed, rotating in the same direction as the hands 
of a watch. 

The portion of water deflected towards the south deviates to 
tihe left Land, that is, also to the east, because of the rotation of 
ihe earth, strikes the western shores of one of the coniinents, 
and is caused to flow into the equatorial current like its northern 
counterpart. Hence in the southern hemisphere the vortex 
motion is in the opposite direction to the hands of a watch. 
Since, therefore, there are three land masses to deflect the 
equatorial current, there should be six great systems of oceanic 
circulation, three right-handed vortices of water in the northern 
lieniisphere, and three left-handed vortices in the southern 
hemisphere, 

The cluef currents formed in this manner are enumerated 
below, and theif positions will be found on Fig, 138, 

The Great Surface Current Systems caused by the 
reaking up of the equatorial currents are ; — 

(it) The tight-handed vortex in the North Atlantic Ocean 
called the Gulf Stream. 

(a.) The left-handed vortex, of vjWcb. toe 'feviiJi v,\svctft. 
is part, circulating m thes SouX\i K\.\a.tJAC CSc«axv. 
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C3O A right-handed vortex in the North Pacific, giving rise 

to the Japan current. 
(4-) A left-ha.nded vortex in the South Pacific, of which 

the New South Wales current forms a part. 
{5O A left-handed vortex in the South ladian Ocean, of 
which the Agulhas current forms a part. 
The centre of each oval whirl of water is comparatively still, 
and over a considerable area of such water surface grow dense 
masses of a rootless seaweed termed sargassum baaiferutii. The 
parts of the oceans where the growtti occuca are known as 
Sargasso Seas. 

The Best known Cold Surface Currents are 

(t.) The Labrador and East Greenland currents flowing 

from the Arctic Ocean to the Atlantic- 
fa.) Humboldt's current flowing, from the Antarctic Ocean, 
in a north-east direction to South America, and into 
the south equatorial current of the Pacific. 
The Theories of Oceanic Circulation are :— 

(i.) That the impulse of the prevailing winds of the globe 
on the suiface of the oceans produces a movement 
of the upper layers which is transmitted through the 
entire mass of water. 
(2.) That the difference of temperature of equatorial and 
polar regions causes a difference of specific gravity, 
and a general movement of warmer and lighter 
surface water from the equator to the poles, and 
colder and heavier bottom water from the poles to 
the equator. 

(3.) That unequal evaporation causes difference of salt- 
ness of the watera of the ocean, and therefore a 
difference of specific gravity, which produces a 
sinking of the denser water to a lower level and 
a movement of lighter and fresher surface water to 
take its place. 

Explanations of the Theories. — (i) When the effect of 
the wind in causing waves and obstructing tides is considered,- it 
is not difficult to understand that a constant wind may drive the 
water of the oceans before it. In fact a working model, devised 
by Mr, A, W, Clayden, which may be seen in the western galleries 
of the South Kensington Museum, illusirates this exceedingly 
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well. It consists of a model of the Atlantic, in whicli the seas 
are represented by tlie surface of some water over which a very 
light powder has been scattered. A foot blower is attached, and 
when it is worked a gentle blast of air is delivered from a numher 
of tubes hi such a way as to set up a circulation of air tesembling 
that of the atmosphere over the real ocean. These imitation 
prevalent winds act upon the water and crente a system of 
currents resembling those of nature. The Gulf Stream may be 
seen issuing from the Gulf of Mexico, and the return current 
flowing eastwards between the two great equatorial currents, 
whilst the Labrador current flows &om Baffin's Bay. The model 
is constructed so that portions of Central America, are made 
removable, and when such a removal is m.nde, the flow of the 
Gulf Stream is altered and fai!s to reach our shores. But, al- 
though it is easy to understand this explanation of surface 
currents, it is not so easy to understand how the motion of deeper 
water is affected and tlie deep sea circulation is kept up by such 
a movement. This theory, however, is held by many eminent 
geographers. In the words of the late Dr. Croll, ' Much of the 
difficulty experienced in comprehending how uoder-cunents can 
be produced by the wind, or how an impulse imparted to the 
snirface of the ocean can ever be transmitted to the bottom, 
results, to a considerable extent at least, from a. alight deception 
of the imagination. The thing which impresses us most forcibly 
in regard to the ocean i;s its profound depth. An average depth 
of, say, three miles produces a striking impression ; but, if we 
could represent to the mind the vast area of the ocean as 
correctly as we can its depth, shallowness rather than dtpth would 
be the impression produced. We should call a sheet of water 
one hundred yards in diameter and one inch in depth a very 
shallow pool ; in fact we should speak of it a$ simply a piece of 
ground covered with a thin layer of water. Yet such a thin 
layer of water would be a correct representation in miniature of 
the ocean; for the ocean in relation to its superficial area is as 
shallow as the pool of our illustration. In reference to such a 
pool or thin film of water, we have no difficulty in understanding 
how a disturbance on its surface would be transmitted to its 
bottom, and if we could form as accurate an impression of the 
vast area o-f the ocean as we do of such a pool, all our difficulty 
in understanding how the impulses of the wind acting on the 
vast area of the ocean should communicate motion down to its 
bottom would disappear,' 
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(2) According to this theory, the water at the equator is lighter 
than that in colder regions, and therefore stands al a higher level. 
There is a gentle slope thus formed from the equator to the poles, 
and this causes a general movetnenc of the upper warm Jayers of 
the ocean from the equator to the poles, and a counter movement 
of the under cold layers from the poles towards the equator; the 
direction of Che movement in each case being, of course, modi- 
fied by the earth's rotation. Much can be said in support of this 
theory, for as long as the equator receives more heat /rom the 
sun than the poles, so long must tropical waters expand and 
become specifically lighter than those in the temperate and frfgid 
zones, and so long must convection currents be set up, and 
warm surface currents and cold under-currents exist. 

(3) On account of the greater amount of evaporation at the 
tropics than at the poles, the tropical waters contain a greater 
proportion of dissolved salts, and are theiefora specifically heavier 
,than the polar waters; hence the surface water at the tropics, as 
'it tecomes heavier owing to the evaporation, sinks to the bottom, 
and fresher and ligihter water flows in, takes its place, and main- 
tains equilibrium. The downward movement thus produces a 
circulation, A good example of this kind of circulation is 
afforded by the Mediterranean Sea, where less water falls than is 
evaporated from its surface, But the water of the Mediterranean 
does not increase in saltneas, and therefore iresher water must 
,flow into it from the surrounding ocean. In fact it has been 
■proved that a surface current flows from the Atlantic Ocean 
, through the Straits of Gibraltar into this sea, and that a very salt 
under-current flows outwards into the Atlantic. And this circu- 
lation is evidently due to the difference of specific gravity of the 
water in the enclosed sea and that of the ocean water which feeds 
it. 

It appears most probable, however, that oceanic circulation is 
not primarily caused only by the impulse of the wind, by the 
uoequal heating of the waters on the globe, or by the difference 
of density arising from excessive: and unequal evaporation, but is 
the result of all these causes. 

The freezing point of sea-water is about 27° or 28" F., 
I whereas fresh water congeals at a temperature of 32' F. During 
I winter in the Arctic and Antarctic Oceans large areas of the sea 
surface get frozen over. First, thin flakes of ice known as sludge 
are seen, and finally an ke fidd, that is, a large expanse of ice, is 
formed. Such an expanse Is broken and covered with hunjmocJcs, 
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snowdrifts, and fissiues. Towards the eniJ of the winter the ice 
fields begin to brealc up into ict-floes, or ice islands, a group of 
them being called pack ice, whilst a part is often liroken up into 
smaller masses, knowoas drift ice. The shelf of ice that forms 
along the shore by the freezing of sea waler is known as the ue 
foot. The formation often breaks off during the summer, and 
carries the debris from cliffs overhanging the shelf Co distant 
regions. Of this we shall speak later. 

A Glacier is a River of Ice. — At a certain height above 
sea level, which, however, varies in diff'erent latitudes, there is a 
region where the moisture is always precipitated in the form of 
white powdery snow. In England the snowquickly disappears by 
melting or evaporation. In the region of perpetual snow, 
although there is still a loss by evapot^tton, there is none by 
melting, hence an accumulation occurs; the first layer of snow 
has another layer piled upon it, and so on for many other layiirs. The 
result of this accumulated weight is that the snow becomes very 
compact, for the same reason that fleecy snow-flakes when pressed 
together form a compact snowball, and the rea&on in each case 
is that the air has been squeezed out. The pressure increases 
with successive falls, and eventually the lower layers become so 
compressed as to be transformed into ice. At the bottom blue 
transparent ice would be founds at the top fine granular snow. 
If the layers of snow rested on a level plain and in the region of 
perpetual snow, the accumulation would rea.ch a tliickness of 
thousands of feet; indeed, it is believed that in the Antarctic 
regions the thickness of the whole layers amounts to more than 
10,000 feet. Such sheets of snow are called snoni fields. If a 
snow field is formed on a slope there is a constant tendency for 
the mass to slide downwards. The valleys leading up into the 
snow field become filled with compact snow called nhe or firn, 
and the pressure of the upper layers combined with Che pressure 
at the side of the valleys transforms these tongues into moving 
rivers of ice, which creep gradually down from the region of 
perpetual snow, by the action of gravity. Such a river of ice is 
called a glacier, 

Icebergs represent the discharge of Glaciers, and 
consist not of frozen Sea-water but of Land-ice.— VVhen 
a glacier meets a lake or the sea, large masses of it break off and 
float on the surface of the water until they melt away. All such 
ffoalinp masses are called labergs ; and since a glacier is formed 
primarily horn snow, all sucU movmU-m?, oC ice are fresh. 
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Sometimes the glacier is pushed out at once into deep water, and 
huge fragments are broken off on account of the buoyancy of the 
ice (I'ig. i3g). at other times it is pushed along the sea bottom for 
some distance. Everyone knows that ice floats on fresh water, 
tiiucb more then does it Hoat on sea water, which is heavier, bulk 
for bulk, than fresh water at the same temperature. Only about 
o-ne-ninth of the bulk of an iceberg floats above water, the other 
eight-ninths being below the surface. It sometimes happens that 
the part of the iceberg in liie water is wasted away quicker than 
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the visible portion, the result being that the iceberg gets 'top 
heavy,' and turns right over, A difference between in iceberg 
and an ice-floe is that the former often carries blocks of rock into 
the s€a and the latter, being of marine formation, transports no 
such materials. As the iceberg melts its debris is dropped into the 
sea and deposited upon the sea bottom, diia aifording an example 
of how materiaj is conveyed froin one place to another. 

Icebergs have been met in latitude 70" N., carrying beda ci. 
earth and rcjck> which were estimated Vo'«e\^ "kq-s^v '^5s,ti^iK> ■vaj 
100,000 tofii-. 
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A description of ice and icebergs seen in the Antarctic 
Ocean is g:iven by Sir George Nares in one oF his ' Challenger ' 
reports. (Fig. 140.) He writes: — ' The iceber<fs met vnth by 
us were uisu^illy from a quarter to half a inile in diaineter, and 
about zoo feet high ; the highest measured was 348 feet high, 
tut it was evidently an old berg Hoating 011 a large base; the 
largest was seen furthest south in latitude 66° 40', it was 
certainly tliree miles in length, and was nccoinpanied by several 
others nearly as large. 





Fig, 140. Iceberg nnii part of n Polar Ice-field. 

' Tliey were nil rcmarliably clear of rocks or stones, although 
each time we have dredged sufficient evidence was brought up 
that the bottom of the sea is fairly paved with the d^Mi brought 
by them from the AnLiTclic lands. 

'In shape they were very nearly tabular, the original top 
surface of the ghciet remaining uppermost, or inclined at a slight 



THE TEMPERATURE AND MOVEMENTS OF THE SEA. aSj 



angle Co the hqrizQti ; in this cold climate they could not be 
otherwise unless they broke up in consequence of some local 
weakness Tlio pack-ice consis- 
ted chiefly of small salt water ice pieces — they cannot be called 
floes — From 30 feet to 50 feet in diameter ; 100 miles inside the 
pack-edge Ross found llieui to be 200 yards in diameter. The 
single season's ice was about 3 feet in thiaknt^ss ; the humniocky 
ice formed by several layers of this heapcrl one upon another and 
frozen compactly together, was from 7 feet to S feet thick, the 
upper surface of each piece bein^ covered by a layer of snow 
about a foot in thickness. Scattered about in the pack were a 
few blue-coloured berg pieces of all sizes, some of them frozen in tg 
the salt water ice. All the latter were much honey-combed by melt- 
ing, but it was evidently still of sufficient strength to give a very 
dangerous blow if accumulated against a ship's gide, or to a. 
vessel forcing her way through the pack. A properly forliiied 
ship could have made way through most of what we saw, and it 
certainly does not deserve the name of a " barrier " given to it by 
Wilkes, although he was perfectly just ilied with his unfortified ship 
in keeping outside it, 

' In the pack were niimertms icebergs, but they were not in 
greater numbers than we found in the open water, and certainly 
not numerous enough by themselves to create the nucleus for the 
pack to form upon. 

' When at the pack-edge the temperature of the water was 
always hetween iS° and 39", just suflBciently warm to melt salt 
watei ice very slowly, but to have no elTect on the fresh water 
berg pieces. At a short distance from the pack the surface water 
rose to 32°, but at a depth of 40 fathoms we always found the 
temperature to be 29° ; this continued to 300 fathoms, the depth 
in which most of the icebergs float, after which there is a stratum 
of slightly warmer water of 33° or 34°.' 

The climate of a place is the average of the weather 

conditions. — It depends upon various causes, one of which is 
the mean annual temperature and the range of temperature. 
The average summer and winter temperatures of any particu- 
lar locality vary very little from year to year, hence there is 
a practically constant difference between the temperatures 
St these two seasons, and this difference is called the 
annual range of Umperature. The difference between the 
temperature in the day and night is called the diurnal range of 
ientperature. 



=84 



ELEMENTARY PHYSIOGRAPHyi 



The situation of a place with respect to the sea is Of 
considerable importance in determining its climate. — 

All water surfaces tend to equali^ie tempera Um;s, that is, ter.d tr> 
render a climate less hot in summer and less cold in winter. 
Hence, in a district near a water surface, llie range of temperature 
is small and the climate is temperate, or, as it is more often 
termed, oceanic or instdar, A truly oceanic climate occurs on 
such small islands as are found in the Pacilic, where the tempera- 
ture onlj' varies ahout five or si\ degrees throughout the year. 
An insular climate is exem|jlified by Great Britain and Tasmania, 




Fif. r4i. IsothemiB] lines showing places that have the same averagB 
yearly temperature. 

where the range of temperature is 20". The inHuence of ivater 
siu-faces upon climate is exemplified in Fig. 141, which gives the 
hothermal lines, or liues of equal temperature. These lines join 
those places that have the same average yearly temperature. It 
will be seen that in the Southern Hemis|>here the preponderance 
of water surface causes the isotherraals to be distributed with 
much regularity according; to the latitude, whereas the irregular 
distribution of land and water in the Northern Hemisphere causes 
the lines to be very irregularly distributed. In contradistinclion 
places whose clijHate is tempered by vjatCT, 'Onwe M.e Wgj 
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tracts of land where no such modifying influence exists, where 
there is a wide range of temperature — a climate of extremes. 
These localities are therefore extremely hot in summer and 
severely cold in. winter, ajjd are said lo have a continental climate. 
Thus in the interior of the United States the range of tem- 
perature is from 30° to 60° greater than places in corresponding 
latitudes on the Pacific coast, and although Moscow has the 
same latitude as Edinburgh the average difference between the 
summer and winter temperatures at the latter place is 19 degrees 
and at the former 49 degrees. 

Ocean currents exert a considerable influence on 

climate, a cold current lowering the temperature of the coast 
near which it passes, a warm current raising it. Hence the east 
coasts of South America, Africa, and Australia, towards which the 
warm equatorial current flows, are warmer than the west coasts. 
In the northern continents, however, the west coasts are much 
warmer than the east toasts on account of the cold currents which 
run along the east coast frgpj the Arctic Oceati. Thus the cold 
Labrador curienc lowers the temperature of Newfoundland and 
New York and other places on the east coast of North America. 
Places on the opposite aide of the Atlantic in the same latitudes 
have much warmer climates because of the influence of the warm 
Gulf Stream drift ; for, although the Gulf Stream proper does not 
exist further north than the latitude of Newfoundland, the warm 
waters drifted by it affect the climate of the whele of north-west 
Europe. The winter temperature of London due to its position 
on the globe is about 17°, and that of Shetland 3°. On account 
of. the Golf Stream, however, the former has a mean winter tem- 
perature of 3,7* and the latter of 39°, The influence of the 
Stream is also well marked by the mild climate of the Faroe 
Islands, situated ni latitude 62°, that is, several hundred miles 
north of Scotland j and Dr. Haughton concludes that ' The effect 
of the Gulf Stream upon the climate of Spitsbergen at present is 
to raise its mean annual temperature irj" Fahr.' Hence if any 
alteration of the present form of t[ie land should occur to prevent 
the flow of the warm water of this stream into the North Sea 
it is evident that the clinmle of Norway and the BriUs-h Islands 
would be affected* 
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QUESTIONS ON CHAPTER XV. 

1 . TVliBt is a glacier f Where tto ihe maleriala oome from i* Wlmt becomea 
of ihu materials ? (1884.J 

2. Describe ihe mode of origin of icebergs. {187&) 

3. What ar« the diiTercnces between ccsntintntal and itisulaj cHmates, a.iid 
htiw art: these differences catised ? {''^7T^) 

4. Draw s, sktlch-m&p of the Alkntic Oce^n, and mdicale apon it the 

courses of the chief of [lie great currents. (18-77.) 

5. Describe briefly a thermometer for dcterinining the leropcreCure of the 
sea at any depth. 

6. What lA the ELvcrag'e tr^mpcrature of th-c eea in torrid, temperate, and 
frigid zones respectively, and what are ibe tiiaiti variations? 

7. How does the temperatute of the ocean vary witli the depth ? 

8. What nre the great systems of surface currents of the oceans. Give arj 
eip.bna.tion of the cause of Ihi? raovtanent of waler. 

9. "What is an iee-9oe and an ice-foot, and how do they differ ? 

10. .Stite roughly the course of the Gulf Stream, and the Cftuj? of it> 
[ormation, Huw does it affect ihs climate of the British l^les? 



CHAPTER XVI. 



THE PRESSURE AND COMPOSITION OF THE 

ATMOSPHERE. 

Determination of the weight of Air.— \Vheii the wind 
blows we are made conscious of the presence of an im-isible 
somelhing surrotinding us in all directions ; lightnings flash, 
thunders roll, torrents of rain, hail, and snow fall upon the surface 
of our globe, aii<] the region where all these things occtir is 
called the atmospherej that r.s, the vapoursphere. Since this 
mass of matter has n material existence, it must have weight, 
although previous to 1650 no one had demonstrated the r^cC. 
The method adopted in Ihe determination of the weight of nir is 
illustrated by Fig. 142. A globe of glass having a capacity of. 
Say, a cubic foot, has the air pumped otit of it and is weighed ; 
the stoj>cock \s then luined and air rushes in and fills u|i the 
/ode. On weighing again, if the ex^i^uTncTit be Ti\*de. at sea 
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level and at the temperature of freezing water, the increase of 

weight of the globe will he about an ounce and a quarter ; this 
is therefore the weight of a cubic foot of air. A cubic foot of 
water weighs 6a'4 lbs. 




Fig. 142. How the weighl of Air is deterniined. 



A proof of atmosphere pressure is iliusirateid by Fig. t43. 
A thin tin vessel is taken and water boiled in it until it is full of 
steam. The neck is then tightly stoppered with a cork and 




Fig. Experiment to prove iho existence of Atmospheric Preasure. 



cold water poured on the outside; the result being that 
the can collapses. The reason is that the steam inside has been, 
condensed and so the force '«'\\\d\ \t. ti\>."0(vfe\&sv.eis.'*i^" 
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has been dlrAinished. And since the outside pressure exerted 
by the swrrounding atmosphere remains practically the same 
during' the experiment, the can collapses owing to its action. 
An analogy may be made by considering a half-a-dozen boys 
pushing on one side of a gale or door and the same number 
exerting an equal force in the opposite direction. The result is 
the gate remains stationary. But if the boys on one side cease 
to push, the gate quickly moves in the resultant direction of 
the forces remaining in action. The pressure of the atmosphere 
is ig lbs. per square inch, so that an area of lO sq. in. has a 
pressure of 150 lbs. upon it. 

Air obeys the same law as other fluids in transmitting 
pressure equally in all directions.— A bit of paper lying 
on a table, or ou the ground, in still air does not move, because 
the pressure tending to push tt along in one direction is coun- 
teracted by that acting in Che opposite direction. The pr&ssure 
of the atmosphere is in fact exerted eq_ually in all directions. 
It acts with the same intensity sideways or upwards as downwards. 
If this were not so, then a body suspended in air would move 
towards the point where the pressure was least. It is on accouat 
of this circumstance that we are able to move about in the air 
without any difficulty. Did it only act downwards we should be 
oppressed with the sense of a heavy weight wherever we were. 
In a similar manner the pressure is the same in all directions 
at a g\vm depth in the ocean. The poiiular idea that the 
shell of a turtle is thict in order that the animal may 
walk along the bottom with comfort, in spile of the enormous 
pressure of the overlying- water, is therefore erroneous, 

Some effects depending on 
atmospheric pressure are as 

follows. Take A glass jar having a 
piece of sheet india-rubber stretched 
over one end of it, whilst the open 
end is put on the plate of an air- 
pump. When the air is pumped out 
of ihe interior of the jar, the india- 
rubber is forced inwards by the action 
of the outer atmospheric pressure and 
assumes the shape shown in Fig, 144. 
A converse experiment is to take two Fig. 144. 

oj- three common air balloons, filled lUastntion of Aimospherie 
With air at the ordinary pressure, and "eieMaie, 
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place them under a bell-jar resting upon the plate of an air-pump. 
Before working the pump, the air in tlie balloons is exerting the same 
pressure on the inside of the elastic skin as the air surrounding 
them is exerling on the outside, and so nothing happens. But 
when the air is pumped out from the interior of the jar, that in 
the inside of the balloons expands in the direction of the lessened 
pressure and in so doing stretches out the bladders so that they 
burst or fill the jar. 

Fig. 142 illustrates a useful instrument known as a pipette, 
which is used to adjust smaLl quantities of liquid in making 
delicate measurements of mass or volume. If the lower end 
is placed in some water and a vacuum formed by sucking at the 
upper end, the pressure of the atmosphere forces liquid up the 
tube which can then be dfopped out as desired. The action of a 
I simple suction pump is pre- 

' /^"^^ cisely similar to this, A tube 

^y' ^^S^: i leads from the bottom of a 

-virtlv j'*^'^* cylinder into the water or other 

liquid which has to be raised. 
At the bottom of the cylinder 
there is a valve which can 
only open upwards, and fitting 
tightly in the cylinder is a 
piston also having in it a valve 
opening upwards. When the 
piston is drawn up from the 
bottom of the cylinder, it tends 
to leave a vacuum behind. 
The pressure of the atmosphere 
on the surface of the liquid 
outside, forces the liquid up the 
tube until it [msses through the valve at the bottom of the cylinder. 
Then, at the next downstroke of the piston, the liquid imprisoned 
in the cyh'nder is forced through the valve in the piston, and is 
then lifted up to the level of the spout, out of which it flows 
when the piston is raised. It is found that water cannot be lifted 
higher than about 30 feet by means of a common suction pump. 
The reason is that the pressure of the atmosphere is only suflicient 
to balance a column of water having approximately this height. 
Similarly, mercury can only be raised about 39 inches by this 
means, for the weight of a column of mercury of this heisjtt is 
iou^hl_y e^ual to the pressure of tW atmosifVcta, 




Fig. 143. 

A PipetlC bang used to drop stiiall 
amuuiits of liquid into a (i^t-tube. 
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Fi^. 146. 

Simple foim of an Air Fump, wilh a 
Bell-jai over its plate. 



An Air Pump has much the same action as the common 
pump. It is used to diminish the quantity of air in a vessel or 

closed chamber. The sim- 
plest kind of air-pump is 
shown in Fig. 146, When 
the piston is drawn out- 
wards the pressure In 
the cylinder is diminished, 
and the air in the bell-jar 
on the plate of the pump 
expands, forces its way 
past the valve at the bot- 
tom of the cylinder, and 
fills both the cylinder and 
the jar. As the piston is 
pushed downwards the air 
in the cylinder passes 
through the valve in the piston to the outside. Another rise of 
the piston again diminishes the density, and therefore the pres- 
sure, of the air in the jar, and the process is continued until 
the air has been reduced t6 a sufficient degree of tenuity, 

A Barometer is an instrument for measuring the 
pressure of the Atmosphere.— The principle on which its 
action depends will be understood from the following experiment. 
Take a glass tube about 3 feet long, closed at one end, open 
at the other — about J inch in diameter is a convenient size — 
turn the tube up and fill it with mercury, put your thumb 
on the open end and place the tube upright in a cup or 
basin containing mercury (Fig. 147), take the thumb away; the 
mercury will fall a little in the tube and will then remain 
stationary at a height of about 30 inches. It is evident, 
therefore, that something Inust balance the weight of the 
mercury or it would fall down the tube, and this balancing agent 
is the pressure of our atmosphere. The atmosphere is pressing 
down on the surface of the mercury in the basin, and so keeping 
up the column of mercury in the tube, Conceive a lube having 
an area of a square inch to rise from the sea-sliore to a point in 
the atmosphere where the air is so thin as practically to have no 
weight, and let an exactly similar lube contain 30 inches of 
mercury. The 30 inclies of mercury would have the same 
weight as the long lube of air, and since a cubic inch of 
mercmy weighs about half a pound, 30 cubic inches weigh 1 5 lbs,. 
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^^hit is to say, when there is a dtiference of level of 30 inches 
^ between the mercury in the tube and in the basin the atmosphere 
is pr-essingon all sides with a force equal to the weight of ijlbs. 
jn every square inch, In Fig, 148 a barometer such as is used 






Fig. 147. CoDstiuctioi) of a Barometer. 



Pig. 14S. 
A C'islern Barometer with 
Thermo meter attached. 



for scientific work is shown ; the scale attached is for finding now 
high the mercury stands, and a determination of the height at any 
time is called a /-eaJifig, It is necessary that the readings should 
indicate the height of the tO|i of the mercury column above the 
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level of the mercury in the cistern. This condition is obtained 
in the instrument figured by making tie bottom of the cistern of 
chamois leather. By screwing the button at the bottom the height 
of mercury in the cistern can he adjusted so as just to touch the 
tip of a projecting point at the top, VVheri the mercurial column 
stands above 30 inches the barometer is said to be high, -when 
below 30 inches it is said to be low. Other liquids besides 
tneicury are used for making barometers, but require a much 
longer tube to contain the column necessary to support the^ 
atmospheric pressure, on account of their being specifically! 
lighter. Thus mercury is i3"6 times heavier, bulk for bulk, than 
water, hence a water barometer ha& to be at least 30 x 13*6 
inclies, that is, 34 feet, long. If a hole were made ia ihc toy of 
any barometer tube, the air would get in and the liquid would fall 
until it w'aS at the same level inside and outs-ide the tube. From 
the description of the instrument it is evident that the part of the 
tube from the closed end to the top of the liquid in a barometer 
contains nothing but the vapour of the liquid employed. This 
vapour really exerts a pressure on the surface of the column 
of liquid, so that to be accurate we must say that the pressure of. 
the atmosphere is balanced by the weight of the column of liquid/ 
plus the pressure of the vapour. In the case of mercury, the' 
amount of vapour pressure can be neglected, but when water 
barometers are used it must be taken into account. 

The pressure of the atmosphere decreases as wc 
ascend, and so the barometer column, which measures this' 
pressure, falls somewhat ; indeed, by observing the fall a traveller 
finds what height he is above sea level, and halloonists determine 
how high they have risen above the earth's surface. On account 
of this cause affecting the height of the column of mercury in a| 
barometer, when accuracy is desired the height of the barometer* 
station above sea-level must be known, so that the readings at 
any time can have a correction applied to them which will reduce 
them to the reading which would be found under the same 
atmospheric conditions if the instrument were situate at Bea-level,< 
The diminution is such that at three and a half miles the pressure 
is only half what is found at sea-level, that is, the barometer 
stands at 15 instead of 30 inches, at ^eveu miles the reading is 
about seven inches, and at 10^ miles only ^ of the pressure at th 
surface is found. At this rate we find that at a height of 35 mi' " 
the pressure and density of the atmosphere is of that at sea 
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Fig. 145. 

A Stratum of Ait u^t A A baa to 
occupy the greater space B B 
when at the higher level, so it 
expands and is cooled by so 
doing'. 



at a heiglit of 70 miles 1,000,000 cubic feet of air would only 
weigli the same ns one cubic foot taken at the earth's surface. 
Cause of the Diminution of Atmospheric Pressure 

with increase of Altitude. — As we ascend in the air we leave 
a poTtion of the air beliind us. There is not then so long a 
column to balance the column of mercury in the barometer, and 
therefore the niercury diniinishes in height. That air is highly 
elastic and can be compressed is proved by the action of 

an o-rdinary pop-gun. It follows 
that since the earth is completely 
surrounded by an envelope of air 
the lower layers will be under 
greater pressure than the upper 
layers, for the sarae reason that 
when a pile of books lie upon a 
table the lowest book is under 
the greatest pressure. We see 
therefore that as -we ascend the 
density diminishes, the same weight 
of air occupying a much larger 
volume, This is shown in Fig. 149, from which it will also be 
seen that air in rising must expand, and in falling must be com- 
pressed — two very important facts. Differences in the pressure 
of the atmosphere at sea-level are brought about by difl'erences 
of temperature, and by an unusually small or large proportion 
of water- vnpoiu". 

The height of the atmosphere is not known with any 
certainty. The highest balloon ascent ever made was attained 
by Messrs. Glaisher and Coxwell in i&6a, the height then reached 
being about 7 miles. Owing to the extreme rarity of the atmos- 
phere, and the great cold, the observers became unconscious and 
could ascend no further. There is probably no fixed limit to the 
atmosphere. If there were no atmosphere, as soon as the sun 
sank beneath the horizon of a place darkness would occur. But 
we know that it is light some time afler the sun has set and before 
he rises in the morning, and call these appearances twilight and 
dawn. These phenomena are produced by the air extending up 
lo about 4.5 miles, but luminous meteors and shooting stars; afford 
a means of proving the existence of air in a very rarefied form 
at a much greater height. A shooting star or meteor is a portion 
of matter drawn into the earth from outer space. In space it 
may be daj-k, but as it rushes into our ^tTOOs^iat ^^a.^L^R.\*-\^fc.WL 
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3s produced hy fricHon with tlie air to melt it into a luminous 
Streak. Determinations of the height at which shooting stars begin] 
Eo be luminous prove the existence of extremely rarefied air so} 
high as 200 miles. Whether there is still more attenuated air highe 
Chan tliis or not we do not know, 

Preparation of Nitrogen. — At one time air was regarded! 
as an elementary substance, but now it is known to cgnsistl 
essentially of a mixture of two gases, oxygen and nitrogenj 
If, therefore, we subtract the oxygen ffom a confined volume of 
air only nitrogen will be left. In order W do this place a] 
jar, such as is shown in Fig. rgo, over a piece of lighted] 
phosphorus contained in a metallic or porcelain dish floating! 
on water. 

As the phosphorus bums, white clouds will be seen and the 
water will gradually rise in the jar, until the volume of air whicl 
it contains has been diminished by 
about one-fifth. The phosphorus 
will then cease to burn, although 
some of it may remain unconsumra. 
The white cloilds will gradually 
dissolve in the water and give it 
an acid taste. It is evident that 
the gas in the jar has not the same 
chemical -constitution as it had at 
the commencement of the experi- 
ment. The gas that has been used 
up by the burning of the phosphorus 
is called oxygen, and the white 
clouds formed by the combination 
or the two elements is called phos- 
phorous Oxide (P-iOs). The colour- 
less gas remaining in the jar is 
called nitrogen. It is not necessary, 
however, that the phosphorus be 
ig:nited| for if a stick of phosphorus 
is preserved at the ordinary temperature in a confined volume ofi 
air, a slow diminution of the weight of the air takes place.f 
Another method of preparing nitrogen by the subtraction o(\ 
the ovygen of the air is, to sprinkle some iron filings 
over the inside of the jar used in the above experiments, and 
3U0W ihe Jar to stand inverted over water for a few days. The 
iroj] unites with the oxygsn to (otto e. cc.mifwit\& tVcmcaUy 



Fig, ija 
The burning of PhospliDrua in ' 

a jar of Ak. 
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known as iron oxide (Fefli), and coinmonly known as rust. If 
sufiicient filings be employed, all the oxygen in the jar will be 
used up to form rust, and nitrogen will remain behind. 

Properties of Nitrogen.— In the experiments described 
3bove it was noted that niiroggn would not allow phosphorus to 
burn in it. This negative pro|ierty of nitrogen can also be 
demonstrated by plunging: a lighted taper in a jar of the gas, and 
observing that it is at once extinguished. It will also be seen that 
nitrogen does not kindle when a taper is introduced into it. 
All the properties of nitrogen are negative, or, in other words, 
nitrogen is characterised by an absence of properties. It has no 
taste, smell, or colour; it neither burns nor supports combustion, 
and an animal forced to breathe it would die in a few minutes. 
It is not, however, poisonous, as are such gases as carbonic oxide 
and carbon dioxide, but destroys life, by excluding air and 
occasioning suffocation, in precisely the same way that death is 
caused by drowning in water. 

Proof of the Presence of Oxygen in Air. — We have 
demonstrated the presence of an inert gas called nitrogen in the 
air, and occupying about four-fifths its bulk, but bave not yet 
indicated an etperinnental proof of the existence of oxiygen. Now 
it can be shown that phosphorus, when burnt in air, increases in 
weight. Similady, iron filings suspended by a magnet hanging on 
one scale of a balance increase in weight when heated. Again, 
when mercuryis gently heated for some time red scales are formed 
on its surface, and the weight of the mercury increases. In each 
of these cases the increase of weight inust be due to the taking up 
of some substance. By strongly healing thfr red scales jus-t men- 
tioned a gas is driven off which will re-kindle a glowing splinter of 
wood, and is known as oxygen. This gas, mixed with four times 
its volume of nitrogen, furnishes a mixture in which a taper burns, 
and which behaves, in all respectsj like ordinary air. W-e may, 
therefore, say that the presence of oxygen in the air is proved by 
the fact that combustible bodies get converted into bodies con- 
taining oxygen, when burnt in it. 

Exact Composition of Air. — Exact analyses of the pro- 
portional weights of oxygen and nitrogen in dry purified air show 
that 100 parts by weight has the composition : — 
Oxygen ... 33 per cen^t. 
Nitrogen ... 
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The proportion which the volume of oxygen bears to the volum 
Qf nitrogen in 6ty purified air is, as we have seen, about i to 5 
More exactly the proportion is : — 

Oxyg-en ... io"8 per cent. 

Nitrogen ... 79-2 „ 



lOO'O 

But the proportion of oxygen to nitrogen is found to var 
slightly. Air has been found to contain as much as ao'ggg per 
cent, of osygen, and as little as zo'gi 3 per cent. This variation ' - 
composition is sufficient in itself to prove that air is a mechanical 
mixture, and not a definite chemical compound. 

In addition to oxygen and nitrogen, air always contains minu 
proportions of other bodies, the most important of which are carbo 
dioxide and water vapour (H.O). 

The presence of carbon dioxide in the air can be proved by 
placing a little lime water in a saucer and leaving it for a few 
minutes. A white skim appears on the surface of the limewater, and 
gives a turbid appearance to it. This is because the lime (CaO) 
takes up carbon dioxide (CO.) irom the air, to form an insoluble 
film of calcium carbonate, or chalk (CaCO^). The change is thus 
expressed : — | 
Lime. Carbon dioxide. Calcium Carbonate. 1 
CaO. + CO.. = CaCO,. | 

Air contains, on the average, o'04 per cent, of carbon dioxide. 
Sea ait contains the same amount of the gas day and night; but 
on land there is much more at night than in the day, and on cloudjj 
days than on brigiit sunny days. ' 

The amount of water vapour in the air is very variable, and 
dependent upon circumstances which will be considered later on. 

A gas called ammonia, and an active form of oxygen, called 
ozone, exists 3n air in varying quantities. The amount of these 
gases,caonot be calculated with any great degree of accuracy, even! 
when large quantities of air are operated upon. The average pro-i 
portion is about i part of ammonia and 2 parts of ozone to 1,002,000 
volumes of air, that is to say, whether a pint, cubic foot, litre, or any! 
other unit of capacity be employed, 1,000,000 pints, &c., of air 
contains, on the average, i pint, &c, of ammonia and 2 pints, &c., 
of ozone. The air of every large town contains certain foreign 
substances, due to various causes, such as the wear and tear of 
Btrecrs 'and b.uiMings, the putrefaction ammiCv teSxiw;, mm! th 
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burning of fires and lights. The average composition of 100 
volumes of air, by volume, is shown, in the following table : — 

Oxygen 20'6i per cent. 

Nitrogen 77-95 

Carbon dioxide 0*04 „ 

Water vapour (about) i"4.o „ 

Ammonia traces. 

Ozone ,i 



lOO'OO 



Proof that air is not a chemical compound. — When 
bodies combine chemically, heat is developed and an alteration 
of bulk often occurs. Thus, when water is poured 011 to 
quicklime, the heat evolved is great enough to char and even 
to kindle wood. But wheij osj'geu is mixed with nitrogen, no 
Jiicrease of temperature, or alteration of volume, or any obvious 
chemical change takes place. This indicates that the gases mix 
together and do not combine with each other. It has been shown 
that substances alivftyfi combine together in pioiioctions equal to 
their atomic weight, or simple multiples of them. If, ther^^fore, 
nitrogen were combined with oxygen in air, the pro])ortion of the 
two gases would be the same always. But this is not the case 
in reality. Neither are the numbers 77 and 23, which represent 
the proportional weights of nitrogen and oxygen in au", multiples 
of 14 and 16, which are the atomic weights of diese two gases. 
A further proof is afforded by the fact that when water is shaken 
up with air, a portion of the air is dissolved. The residual air is 
found to contain a less proportion of oxygen than the original 
air, whilst the dissolved air contains a relatively greater proportion. 
This is because oKvgen is slightly more soluble than nitrogen in 
water. The experiment proves at once that air ia a mixture of 
gases, for a chemical compound of nitrogen and oxygen, as, for 
example, nitrous oxide (N^O), would be more or less dissolved as 
a whole, and the composition of the dissolved gas would be 
exactly the same as that which was not dissolved. 

Effects of animal and vegetable life upon the con- 
stitution of the atraosphere.^ — If air be expired from the lunga 
through clear lime-water, in a short lime the Uojivd ■sjiess.vLSs. "^-^"^ 
turbid appearance which demonsttates \.\ve.- 3:it&>i\w* 
dioxide. But onlya very faint turViiditj w dtee-iNfei-^ wA'^ 
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into the lungs through lime-water. Again, if a candle be burnt iii 
a clean glass bottle, the gas formed may be shown, by the 
lime-water test, to be carbon dioxide. 

In each of these cases the oxygen of the air has combined 
with carbon to form carbon dioxide, thus : 

Carbon, Oxjgen. Carbon Dioxide, 

c + O, = CO, 

That water-vapour is expired from the lungs is very manifest on 
a frosty day, when it is condensed into steam as it leaves our 
mouths. The formation of water during ordinary combustion, 
can be proved by holding a bright glass over a burnitig candle 
and observing that it becomes dim with moisture. Here again 
the oxygen of the air is being used. The equation representing 
the change is: — 

Hj(3rogen. Oxygen, Water. 

aH, 0, = aHjO 

These reactions take place when all fires, lamj^s or gas jets are 
alight, hence there is a continual tendency to diminish the amount 
of oxygen in the air and to leave nitrogen, carbon dioxide and 
water vapour. But it is manifest that if the Qi^yg&a be subtracted 
from the air, combustion will be slopped. This is the reason that 
a candle placed under a jar soon goes out; it uses up the avail- 
able oxygen. Man and all the animal creation also require 
oxj'geu to live ; this oxygen is slowly consumed in their bodies, 
and carbon dioxide and water vapour are constantly being 
breathed out ; so there must be another effect to balance these 
reactions, or all the oxygen in the air would in time be used up. 
The vegetable creation does this to a certain extent. ll is found 
that, under the action of sunlight, phtnts and trees absorb carbon 
dioxide, use up the cacbon it contains, and give- out from their 
leaves pure oxygen, thus assisting in the Uil^nce of nature. The 
amount of carbon dioxide present in air therefore determines 
whether it is fit to breathe or not. The average amount is about 
0-04 per cent., that is,, about 4 parts in 10,000, and air containing 
more than cofi per cent, of the gas should not be breathed. 

The source of atmospheric heat is almost entirely the 
sun. We receive an exti'emely small amount from the interior ol 
tlie earth, from stars, meteors, and chemical combustion on the 
eaith, but this is (luile inappreciable when compared with that 
/rojn y^-snp. ...Ifris heat is imparted to the atmosphere in three 
•a^s, ^s:fblh*¥i ^■ ft) Some of tUe Buris \'^^^ ate j&KoOQeA, TO. 
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passing through the atmosphere, and so the temperature of the 
atmosphere is raised, (a) The reiruining rays reach the earth's 
surface and warm it, and the lower strata of the atmosphere get 
their teitipera.ture raised by contact. (3) The heat received by 
the earth i;^ radiated to the atmosphere resting upon it. These 
' dark ' heat rays, or heat rays proceeding from a surface at a 
comparatively low temperature, have not the power of passing 
through the atmosphere like the luminous rays of the sun, so 
most of their energy is used up in heating the lower atmosphere. 
It is oa this account that the temperature falls in ascending a 
motintain. Each of these effects will now he more fiilly considered. 

The heat received from the sun during the day is 
not constant.— The fact that the sun's light, and therefore 
its heat, is more intense at noon than in the morning and 
evening is known to all. In the words of Sir John Herschel, ' The 
diuinal oscillation is a phenomenon which invariably makes its 
appearance in every part of the world where the aliematicn of day 
and night exists* Within the Arctic circle, however, the diurnal 
oscillation dies out, or rather merges in the annual. The causes of 
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Fig. 151. VertieaJ and Olilique Solar Roys. At s uoriae a bundle of the aun's 
layi, i» spiead over the suilacc rr', after p&t^g through a great tlnckntss 
of atmosphere. At noon a bundle of the same niitnber cf rays is 
• concentrated into tlie sutiiice after passing [hrough the layers at 
atmosphere cc'. 

this variation are as follows. In the morning and eveniii}; tfie 
sun's rays pass through greater thicknesses of atmosphere than at 
mid-day, and consequently a greater amount of their heat is 
absorbed, and less remains to warm the earth's surface. 

Also, if we consider a cylindrical bundle of rays, it will he seen 
from rig, J 51 that their effect is greatest "uUtti vVt-i ac<-lfc». 
earth's surface nearly or quite verltcaW'j, as Wcootl. K5.«Ct«i"w2iKa 
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of the day the same ajnount of heat spread over a larger surface, 
and, therefore, a less amouni is received over the same extent of 
surface. 

The amount of heat received at different times of 

the year admits of a similar explanatipp. At the equator, the 
sun is nearly vertical at noon every day in the year, so there 
are no seasons and no annual range of temperature. In all 
Other latitudes, liowever, the iieiglit of the sun above the horizon 
at noon is subject to an annual variation. At ttie suninier solstice 
ihe sun's rays pass through the attnosphcte in their most vertical 
direction, whilst al the winter solstice they traverse it most 
obliquely (Fig. 152)- The proportion of heat absorbed by the 
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rig. 152. Direction of aolar rays at the summer and winter solstices to an 
observer in Lcndon, Tlie noonday sua is a8° from the zenith in the 
former case, and ^j" ia llic latter. Its altitude at midday is therefore 6z* 
and 15° reipcctively, 



atmosphere, and the spreading out of the solar beams over the 
earth's surface, is, therefore, least at the summer solstice and 
greatest at the winter solstice, for reasons similar to those stated 
in the preceding: paragraph. On any day in the year, outside the 
tropics, the angle at which tlie sun's rays strike the earth's surface 
is more removed from the vertical as the latitude increases, the 
amount of heat received directly from tht; sun throughout the 
year decreases in passing from the equator to the poles. 

The sun's rays not absorbed by the atmosphere have 

been estimated at about two-third.s of thu total, the remaining 
third being absorbed on their juurnej-. The first effect of the 
former portion is to heat (he surface upon whirh they fall, and tlm 
rise i>f temperaturL- produced deptTi<N* nimn 'hi- naturi; of the 
stirliice. The layers of almosiiheie i^- ' watra suria 

Jiave their temperature raised by '^1 
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nicate their heat to oLhers above them. The lowest layers are 
therefore the warmest. All todies, luminous or tion-luininous, send 
out ra.)'s whose energy may be transfonn'Cd into heat. In the 
case of a body like the sun, some of the radiations are luminous, 
but there are many more rays which do not produce the sensatior; 
of light. These are termed obscure or 'dark' heat rays. On 
the other hand, a. piece of iron below ted-heat Only sends out 
' dark ' rays. The earth can be regarded as a globe constantly 
radiating heat into s:pace. It is not a luminous body, so the heat 
it radiates is ' dark.' During the day the earth is warmed by heat 
from the sun, and sends back to the atmosphere dark rays of 
heat. But rays of this character have not the penetrative power 
of the luminous rays of the sun, so they are mostly absorbed by 
the lower strata of the atmosphere, which in turn ladiate their 
heat to the layers overlying them. There is thus an accumulation 
of heat near die earth's surface while the sun is shining upon it, 
for some of the sun's rays are trapped by the atmosphere and 
cannot re- traverse it. A similar effect is produced in a greenhouse, 
wliere the sun's rays penetrate the glass and raise the temperature 
of the interior, but the dark radiations from the interior cannot 
escape tlirougli the glass to the outside. 

The absorbent power of the atmosphere is due to the 
presence of aqueous vapour. — Air containing liiEli; moisture 
has very little power of absorbing rays of heat, lience in such 
regions as the Sahara Desert and the central parts, of Asia, Africa, 
and Australia, where the air is very dry, there is nothing to pre- 
vent the radiation of heat towards space, so at night, shortly after 
the sun's rays are withdrawn, intense cold prevails. Professor 
Tyndall has eloquently said : ' Aqueous vapour is a blanket more 
necessary to the vegetable life of England than clotliing is to man. 
Remove for a single summer night the aqueous vapour from llie 
air which overspreads this country, and every plant capable of 
being destroyed by a freezing tempetattire would perish, The 
warmth of our fields and gardens would pour itself unrequited into 
space, and the sun would rise upon an island held fast in the iron 
grip of frost.' The atmosphere thus behaves like a coloured roof 
of glass surrounding OUT globe. The proportion of heat lost by 
radiation decreases with an increase in the amount of moisture 
present in the air. On cloudy nights the loss is very slight, and 
even on dear nights the ever-presenl, invisible, aqueous vapour 
checks 1 he excessive escape of terrestrial radiatioT^'i -^tsNiJi 
occur if it were absent. 
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The horizontal distribution of temperature signifies 

tlie distribution according to latitude, and, frotn what has been 

previously said, it will be under- 
stood that a gradual diminution 
of temperature should occur 
in proceeding from the equator 
to the poles. (Fig. 153.) And 
if the earth were entirely 
covered with water, or consisted 
wholly of land, the tempera- 
ture of any part would be 
determined by its latitude, and, 
therefore, all places having the 
same latitude would have the 
same temperature. The local 
causes which prevent this regular 
diminution will be alluded to 
later on. Meanwhile, the following- tatle shows that a general 
decrease of temperature occurs as the latitude increases: — 




Fig. 153- 
Va-riation of Temperatare 
Latitude. A niid B are 
btirnlles of the sun's fays, 
greatest effect is received at c d, 
anii the least at a b. 



■with. 
Hie- 





Latitude, 


Mean Annual Teni 


Abyssinia 


13° 


88" F. 


Rio Janeiro ... 


18 


79 


Cairo,.. 


36 


7a 


Naples 


41 


63 


MaiselLles 


43 


57 


Paris ... 


49 


5> 


London 


51 


49 


Moscow 


56 


40 


Magerde 


71 


34 


Melville Island 


jS 


25 



The horizontal distribution of average yearly temperature is 
shown by the isothermal lines in Fig. r4i, p, 284. 

The vertical distribution of temperature signifies the 

distribution according to height above sea-level. As an approxi- 
mate rule, the diminution is F. for 300 feet of ascent. The 
following temperatures were observed by Messrs. Glaisher and 
Coswell during their famous balloon ascent in i86z ; — 



At the earth's surface 59" F. 
„ height of I mile 41 
„ a miles 33 

At the height of 



At the height of 3 milfiS 18* F. 
1- 11 4 1. — S 

>j i> 5 n S 



7 miles — 



13^ 
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This dimmution is caused first by the fact that in ascending we 

pass into strata more removed from those heated by radiation from 
the ground at a general level ; next, the air gets thinner and holds 
less moisture, so its absorbing power is decreased, and also its 
power to check radiation from the surface of the earth ; and, 
Unally, the ascending currents of air expand as Uiey rise, and 
cold is produced by this cause. 



QUESTIONS ON CHAPTER XVI. 

1. ' Explain the cbief leasona wl^ mere my ia the liquid nniallf employed in 
(he G(»>truclion of (a) buometeis, (A) thermometers. (rSS?.) 

2. How can the weight of air be determined 7 In what waj Is the ^essnre 
wtetcifed by the atmosphere on the earth's surface, In consequence of 
its weight, stilted 7 How is it that we are able to move about under the wdght 
of the atmosphere? (1889.) 

3. What dilTerence will be observed in the leading of a barometer if we 
carry it from the sea-level to the top of a mountain thrce-and-a-balf nulea in 
height? Explain the cause of this difleience? (i8S3.) 

4. What are the two chief cause) of ^fiecence in the pretsure of the idr nt' 
sea-Ievel? (tS83.) 

5. Whst ore the chemical elements present in pure air and pure water 
respcdivtly ? In what proportions are these elements present in each case? 
What is ihc ^itttrcnce between the conditton in which the elementa exitt In 
water and in aic respectively? (1887.) 
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THE MOISTUT^E OF THE ATMOSPHERE. 

Evaporation is the process by 'which a liquid i 
changed into a gas ; and condensation, that by which 
a gas is transformed to a liquid. — We have used the lerm 
water -vapour and have stated that it is present in the atmosphere, 
althmigh invis-ible. After a shower of rain the wet pavements 
begin to dry and the water disappears ; if a sancer of water be 
left for a little lime the liquid entirely diikippears : clothes are 
put out to dry, that is, the watc-r in Iht-m disappears. What 
has become of it ? It is an tmalterable law of nature that 
nothing can he lost, so the water must exist somewhere else, 
and we are led to conclude that it esists in the atmosphere 
as invisible vapour, That this is the case is easily proved. 
Every one has noticed moisture trickling down shop windows, 
and that an ice-cold piece of glass or metal when brought into 
a room beraraes covered in a little time with a film of moisture, 
and it is evident that the moisture must have come from the air. 
Sulphuric acid, or oil of vitriol as tt is commonly called, if left 
open to the afr, gains considerably in weight and in hulk and gets 
proportionately weaker; this is because it has the property of 
absorbing water, All these examples prove chat water exists iri 
the air as an invisible vapour, and the process by which liquids 
are changed into the slate of vapour is called evaporution^ and the 
converse process, of vapour passing into the liquid state, is 
condensation. Liquids may be vajiorised, that is, evajiorated 
slowly as in the above examples, or quickly by boiling. In both 
cases, whether ive leave a glass of water to disappear slowly or 
boil it away, the result is the same. Both evaporation and conden- 
sation are constantly going on all over the earth, hence the amount 
of vapour actually present is constantly chau^og. We have 
noted that the water disappears from the pavements because o 
evaporation ; in a similar manner snow may be observed to 
disappear without a thaw, and a pieee of ice, even during a hard 
frost, graduaWy loses weight 6wing to itfi evaporation. In fact, 
vaporation is going on at all times. 
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Evaporation Cakes place at the free surface of a liquid j when 
a liquid boils, however, vapour is being formed in the mass itself. 
We have noted that air may become saturated with water-vapour, 
and thit the amount of such water that it can sustain in the form 
ot vapour increases witli Ihe temperature. A CUblC foot of air at 
Sq° Fahrenheit will hold about twice as much water- vapour as a 
cubic foot at a temperature of 60°, hence, if air saturated at the 
higher temperature be cooled lo the lower, half its vapour would 
be given up in the form n( water — the water-vapour would be 
condensed. This fact exptains why water is deposited upon cold 
substances brought into n warm room. 

The amount of evaporation depends upon several 
circumstances. In the first place it depends upon the she of 
the exposed surface, and therefore takes place most extensively 
on the surface of the seas and oceans, Secondly, the amount of 
vapour formed depends upon temperature; the hotter the air 
the more vapour can it take up and liold, hence the quickest 
rate of evaporation occurs in the tropical regions, where the 
sun's heat is most felt, and, for a similar reason, a towel dries 
quickest when held to the fire. Thirdly, the amount of evapora- 
tion depends upon the quantity of the same vapour In the 
surrounding atmosphere, for it i.-i manifest that if ihn almosphere 
has dissolved as much wnter-vapour as it can hold, no more 
evaporation of water can ^0 on. When this is the cose, the sir 
is said to ha saturated, \n ihe same sense that a sponge is said 
to be saturated when its pores are full of water. A corollary 
which follows from this cir cum stance is, Lh.Tt the amount 
of evaporation depends upon the renewal of the atmosphere, for 
such a renewal meani merely the bringing up of unsaturated air? 
this explains why clothes dry quickest on windy days, when the 
air surrounding them is being constantly removed; if the air 
is still it soon becomes saturated with moisture and evaporalion 
ceases, 

The degree of saturation of the air can be measured, 

by means of instruments called JiygreimiUi's, A convenient form 
of hygrometer, and the one commonly useil, is shown in I' if;, 154. 
It consists of two thermometers alike in every respect, except that 
one has its bulb covered with thin muslin, and around the boUom 
jpf the stem are twisted tlireads of cotton ; these dip into a, vessel 
of water about three inches below the bulb. The uncovered 
thermometer indicates the temperature of the air at any moment. 
The water Trom ihe vessel beneath the 
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the cotton threads ty capillary action, and keeps moist the musli; 
round the bulh. Water is constantly evaporating from the muslin;; 
and, as has been before pointed out, heat 
is necessary to change tht: liquid into 
vapour. This heat is subtracted from 
the mercury contained in the thermometer 
bulb, consequently the mercury in the 
stem sinks. And the amount of fall 
increases as the evaporation becomes 
more rapid. If the air contains very 
little moisture the evn[)oration goes on 
quickly ; the bulb i.s therefore much 
cooled, and indicates a temperature 
several degrees lower tlian that shown 
by the uncovered thermometer. On the 
other hand, when the air is moist, very 
little evaporation occurs, and the two 
instruments, therefore, indicate very 
nearly the same temperature. To sum 
up then, the difference of the readings 
of the two ihennometers gives us a 
means of estimating the relative amount of 
moisture in the air, nnd by comparing 
this with the quantity wliich would 
saturate the air we arrive at the 'degree 
of saturation' or ' hygrometric state' at 
the time of observation. 

Dew is moisture deposited upon surfaces which, have 
been cooled by radiation— in spring and autumn the grass,^ 
leaves of plants and trees, stones, and other objects are often sd 
to be covertd wil:h drops of water which we call dew. Mr. 
Aitken has recently shown that most of the dew found tipo' 
plants is formed bv the condensation of the water-vapoiir whid 
is breathed out hy them. Indeed;; it would be impossible for th 
large amount of water often fotmd upon leaves to have been con 
tained in the atmosphere, The chilling of oljjects by radiation i 
primarily the cause of dew. In the day the earth is heatC' 
by the sun's rays ; towards sunset, however, the amount Di 
heal received by the earth from the sun is less than the amoiin 
it throws off or radiates. The surface of the earth and th' 
objects in contact with it tlius hecome cooled. When the coolin 
by radiation lias gone fat enough, frve NiaV-et-Na^vit ti^im^.^? 
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Fig. 154. 
"Wei aiiLl Dry Bolfi 
TJicrmcirnelprs, fa^ 
tht e^Limatian of ihii 
moisture in the air. 
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the ground, and exhaled hy plants, is condensed, and drops of 
water are deposited upon the chilled surface. The temperature 
at which contlensation occurs is called the dew point. It is the 
temperature at which the vapour present is just sufficient to 
saturate the air. If the air is moist, the dew point is soon reached, 
but if it be dry a considerable fall of temperature will be necessary 
to cause the condensatjou qf the aqueous vapou r, Sometimes 
the air has to be cooled down below the freezing point of water 
before this precipitation point is reached ; wh-en this is the case, 
ihe moisture is deposited at once in the solid form, and /icar frcst 
or white rime is formed instead of dew. It should be observed 
chat hoar frost is not frozen dew, but water deposited In the solid 
state, and can therefore only be formed when the temperature is 
below frteziftg. 

The causes which influence the production of dew are 

as follows: — Some bodies are better radiators of heat Ihan 
others, they therefore eool quicker, and henCe dew is first 
deposited on chem. None is formed on polished metallic surfaces 
left out of doors because polished luetals have a very low 
radiating power. Grass cools about twice as fast as ordinary 
garden soil, hence it becomes covered with dew much quicker 
than the soil. Another important cause influencing the production 
of dew is the state of the sky ; on cloudy nights the heat radiated 
by the earth is radiated and reflected back by the clouds, so that 
the land cannot cool very much ; on clear, cloudless oightg, 
however, radiation can go on rapidly, and bodies on the earth's 
surface therefore become rapidly chilled. Winds also influence 
the amount of dew deposited, for, if there is much wind, the air 
does not remain long enough in contact with the cooling bodies 
on the earth to becotne coaled to a sufficient degree to deposit its 
water vapour. 

Mists and Fogs. — A mist is often seen hanging over rivers 
and sheets of water in the evening. The reason of this is, that 
the sun's rays fall upon the water and land during the day, and 
raise their temperature; in the evening', however, when the sun 
has set, the land loses its heat quicker than the water, conse- 
quently it, and the air in contact with it, become cooled below 
the temperature of the water. A cold current is thus set up from 
the land to the water. But cold air cannot contain so much water 
vapour, bulk for bulk, as warm air, hence, when the warm water 
vapour over the lake or river is chilled by the colder air ftonn the 
Jand coming in contact with il, iVie -wa\.ei v^l^qim 
ist or fog. A mist is soraetiraes Yodked ^ 
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condensed fog, that is, a fog passing into fine rain, hence a mist is 
said to feel somewhat wetter than a {og. But there is no hard 
and fast distinntion between the two. Fogs are frequently caused 
by the tnixing together of masses of air at different temperatures. 
Thus, the cause of the fogs which always hover over the banfes of 
Newfoundland is, that the warm moist air over the Gulf 
Stream mixes with the air cooled by the cold Labrador 
current from the Arctic seas, Fogs are also produced when 
a current of warm moist air passes over a cool surface, such as an 
ice-doe or iceberg. It was proved by Mr. Aitkcn, in iSSo, that 
the fletermining cause of the separation of moisture from an 
atmosphere saturated with aqueous vapour, and the consequent 
formation of fog, is the presence of particles of dust, around which 
condensation can take place. In the country the condensation of 
the comparatively pure aqueous vapour produces a white mist. 
But the numerous particles of dust and other foreign matters 
floating over the aii of tywns pollute the mist and convert it 
into a dark and sometimes almost black fog. By collecting 
and weighing Ihe deposit formed on ao square yards of glass in 
London during the last fortnight of February iSgi, it was found 
that the amount represented 22 lbs. to the acre, or six tons to the 
square mile. 

Clouds are elevated mists. — Mists may often be seen 
hangingovertopsof hillsandmountains; this isbecausethewarra 
air strikes against the side and is forced upwards, so its tempe- 
rature falls, and it can no longer hold so much water vapoiir as 
before. The only diffiifenee between a mist and a cloud is one of 
position — a mist rests on the ground; a cloud is a mist hanging 
in the air. One may see wreaths of cloud on mountain sides an.d 
summits, yet on standing in these clouds only masses O'f mist are 
visible. Clouds may therefore be produced by the mixture of 
two currents of atr having different temperatures, by radiation 
from the mass of air to the cold sky, by the neighbourhood of 
cold surfaces— for example, inouutain tops — or by the cooling 
effect of expansion when a mass of air ascends into a region 
of diminis.hed pressure. Should the cooling effect still go on, 
the fine particles of water run together to form drops which fall 
to the earth as rain. 

The heights of clouds vary considerably, the average in the 
temperate zones being about half a mile ; it is manifest, however, 
("As^ f/te (est clouds are the highest and the heaviest are the 
hwesc. If Che cloud is at a giea.t sJaovt xVve. ■fl\vs^ 
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the rain drops begin to fall, the drops will be large, because they 
unite together as they fa.ll ; if the cloud is low down, a fine mist 
falls, because the conditions have not been favourable to theform- 
atioo of large drops. At a certain height above the surface of 
the earth — ■about three miles. — the temperature is below the 
freezing point of water, hence any water vapour that gets Into 
such regions is frozen and a fleecy cloud of fine ice needtes is 
dialed. The large halos that are sometimes seen around the sun 
and moon are caused hy the action of these particles upon the 
light of out luminaries. 
Clouds are classified according to their shape into three 

principal varieties, vin. : (i) The Cirrus, or mare's-tail cloud ; (a) 
The Strains, or t,TOund fog; and {3) The Cumulus, or wool-pack 
cloud. (Fig. 155.) Cirrus clouds have a feathery appearance, and 
often occur as white patches on a clear sky just before a change 
of weather sets in. They are the highest clouds and most 
probably consist of minute ice crystals. Stratus clouds are the 
continuoua horizontal layers, more or less uniform in thickness, 
which appear near the horizon during the morning and evening of 
fine days. They are the lowest of all clouds. Cumulus clouds 
are the common dome-shaped masses springing from a more ot 
less horizontal base. They have much the same shape as the 
globular masses of steam which may he seen to issue from the 
funnel of a locomotive. By combinations of these three primary 
ty[)es we get the drro-stratus or 'Noah's Ark' clouds, which is 
almost always a sign of rain ; the cirro-citmulus, or ' mackerel sky*; 
the cumitlo-stratus, and the aemuio-ctrro-stratus, or nimbus, which 
is 'a cloud Or system of clouds from which rain is falling." 

H^n is produced by the coming together of the water par- 
ticles forming a cloud so as to form larger drops, which fall to 
the ground on account of their weight. When the particles of 
waler-vatjour in descending to the earth pass through a stratum 
of air containing little moisture, they are evaporated, and conse- 
quently do not fall as rain, and it is only when the atmosphere 
traversed is nearly saturated, and the temperature is above the 
freezing point of water, that a fall can occur. The chief cause of 
precipitation of the water-vapour is an upward movemtiit of the air, 
by which it is carried to a height where the temperature is below 
the dew-point. The tendency of a layer of air to ascend and so 
expand may result from a temperature above; the average at a 
given time and place, or from the presence of an unusual amount 
of aqueous vapour. These conditioi^a ^\«?j^Si. a-issi ^aI.'S^ 
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eas. An upward movement is thus set up, and the surrounding 
air is diawn in to supjily the place of the air thai rises. And the 
air being cooled by elevalion and expansion, its vapour condenses 
into drops. The condensation thus brought about liberates latent 
heat, and as the temperature of the air causing tlie current is 
increased, the tendency of the air at the surface to ascend is 
thereby increased. The drops may then fall to the earth as a 
shower of ruin which, if the conditions are favourable, will con- 
titiue for several hours. Of the atmospheric moisture which falls 
as rain, snow, hail. &c., about one-third has been estimated to 
return to the atmosphere again by evajioration, another third is 
absorbed by the land on which the fall occurs, and the remainder 
Hows off the land at once into the rivers. This is only very 
approximately true, however, for we have shown that the rate of 
evaporation is dependent upon various circumstances. The 
amount of water which percolates into the soil is also very variable. 
In the Thames basin the months during^ which percolation of rain 
into the soil is usually most favoured by atmospheric influences 
are those included between October isl and March 31st. 

Rainfall is measured by means of a rain-g:auge and is 

expressed as the thickness in inches ol the fall if it were spread 
en!^- over the surface of the land where tt occurred. A rain- 
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gauge in its simplest fonn consists of a funnel to catch the r 
and a bottle to receive it. The gauge used at most English 
meteorolog:ical stations has a receiving surface S indies in diame- 
ter, and therefore an area of about 44 square inches. The outer 
metal cylinder is sunk a.bout 10 inches in the ground. To prev 
loss hy evaporation, the stem of the receiving funnel is b 
upwards, as shown in Fig, 156. Beneath this lube, and insidi 
the metal cyliudtr, is placed a metal pot to receive the rain water. 
The amount caught is measured at a certain hour (9.0 a.ni.J eve; 
day by pouring the water from Che inside pot into a graduati 
glass jar. The principle of the measurement will be underst 
frorn the following example. If the area of the funnel of a rai 
gauge were as much as two square feet, and a gallon of vfaterwere 
collected, this is equivalent to a layer of water one inch thick 
spread over two square feet, and we therefore say the rainfall 
on a certain day was one inch. The weight of an inch of rai 
covering a square mile is about 60,000 tons, that is, an inch 
rain gives about icq tons of water per acre. 
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The Mean Annual Rainfall of a place is the number 
of inches of rain that has fallen for a certain period 
divided by the number of years of observation. — The 

same causes that influence the rorination of clouds must also 
influence the amount of rainfali, since rain only represenls 
another stage in the condensation of water-vapour. The amount 
of evaporation that takes place is greatest at the equator, and 
therefore one would expect that there the average annual rainfall 
would also be the greatest, and, generally speaking, this ia Che 
case, the fall being greatest where the temperature is highest and 
therefore roug;hIy decreasing as we recede from the equator and 
approach the poles. In nearly all parts of the globe, situaled 
not far from the coast, the rainfall is approximately equal to the 
evaporation. The rainy days, however, are ofttn fewest where 
the fall of rain is greatest. Fig. 157 shows graphically the 
monthly rainfall observed at twelve stations siluale in the area 
drained by the Thames. The average annual rainfall over this 
basin during a period of ten years has been found to be ay'ga 
inches. The rainfali observed in i8go at the same stations was 
2j'2i inches, that is, so'4 per cent, below the average. 

The c&nditions favourable for an abundant rainfall 
begin with the fact that the north-east and south east trade winds 
oa approach itig the belt of calms near the equator, and being 
gradually deflected upwards, are cooled by expansion and by the 
cold of elevation, so that the aqueous vapour is condensed and 
the belt of calms becomes a belt of rain ; indeed, the rainfall is 
SO frequent and heavy, that this belt on the earth's surface is 
known as the sone of constant pn'eipitatian. A second cause 
for abundant rainfall is the influence of mountains, for when a 
strong wind strikes against a mountain it is forced up the side and 
elevated into a colder region, its vapour being precipitated by 
the cold due to elevation, and by the expansion due tg diminished 
pressure. The influence of this cause will be apparent from 
the following comparison, of the rainfall at stations close together. 



but differing in altitude. 



BcTiVIaii b Hua Anniiil E.-ilnljIl. 



Bt;n Nevis, Scotland 

Laggan, Scotland • 

Puy de Dome, France ... 
„ (at base).. 



4,407 141-76 

821 49-30 

4.806 Co'Sa 

1,700 165-95 



„ 

St. Bernard, Switzerland . 



Carepipe, Mauritius 

Beauvelion, „ 
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A range of mountains running at right angles to the direction 
of the prevalent winds produces similar, but more marked, effects 
on the windward side. This is illustrated in every country where 
there are mountaiiis, and is especially uoticeahle in Europe. An 
examination of any rainfall map makes it apparent that all the 
continents have wet coasts to the westward, and this is usually 
because the continents are more mountainous to the westward. 
A third condition favourable for rainfall is proximity to the ocean, 
especially when the prevalent wind comes from the ocean. It is 
on account of this and the preceding cause, that we have a higher 
rainfall on the West than on the East side of Great Britain, as 
shown in the following table. 



West 

Cornwall... 
Gloucester . 
Lancaster 

Bute 

Perth 



Rainfall 
in inclicE, 
3S 
3° 
3+ 

41 



East. 

Suffolk 

Middlesex ... 
Nottingham... 

Fife 

Orkney 



Rainfall 
iu ijjclics, 

24 



Average 36I ' Average 25^ 

Capes and headlands. projecting considerably into the ocean 
generally have a rainfall greater than interior stations only a few 
miles inland. And finally, great and non-periodic depressions of 
the barometer are always accompanied by a considerable gale of 
rain, and the average tracks of these depressions are marked by 
an excess of rainfall. 

Some conditions unfavourable to rainfall are as follows! 

Fresh winds blowing in a nearly uniform direction throughout the 
year, such as prevail within a portion of the system of trade winds, 
especially in mid-oce.in. Some observations made on Ascension 
Island during two years showed that the direction of the wind 
was south-east, or very nearly so, dtiring the time, and the annual 
rainfall 2'3 and 4*3 inches respectively. This condition of things 
prevails over the Atlantic Ocean within the region where the 
trade winds blow with considerable force and are seldom 
inten-upted. A second condition unfavourable to rainfall is ai 
position on the leeward side of a range of mountains running in 
a direction ne.irly at right angles to ihat of the prevalent wind. 
We have seen that a position on the windward side of such a 
rsnge causes an abundant rainfall, but when the wind has passed 
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over the sammit of the range it has lost a large part of its vapour, 
and when it descends on the leeward side it is warmed by coming 
under increased pressure and becomes a dry wind from which 
little or no rain can result. 

A remarkable illustration of this fact is seen on the Malabar 
coast of Hindustan. On the ocean aide of the range of moun- 
ta.ins the mean annual rainfall is 350 inches, whilst on the eastern 
side of the range the air is very dry, and the amount of the mean 
annual rainfall is less than 35 inches. The dry state of Peru is 
owing to the fact that the high chain of the northern Andes takes 
■out the last of the moisture which blows from the east p-crogg 
South America, 

When there is a second ran^e of mountains parallel to and 
within 200 or 300 miles of Che first, the influence of this cause is 
much intensified, and the diminutioa is still more decided when a 
plain is surrounded by mountains, or nearly so, Salamanca 
is so situated, and the mean annual rainfall there is less than 
10 inches. 

Elevated plateaus have generally less rainfall than isolated 
peaks of an equal elevation ; this is illustrated by the fact that 
the basin of the Great Salt Lake has an average elevation of 5,000 
feet, and rainfall of 1 7 inches, and Leb, situated on the remarkable 
plateau of Tibet, has a mean annual rainfall of less than 3 inches. 
Another similar case is found in the table land (the Fumos) 
between two great chains of the Andes ; and the fact that the 
average height of the Sahara is more than 1,500 feet may contri- 
bute in some degree to the smallness of the rainfall. 

Another condition unfavourable to rainfall is the dryness of the 
atmosphere, for when the air is dry it has nol so great a tendency 
to ascend, and by so doing to become cooled down to its dew- 
point. Under the head of dryness three special cases may be 
included, viz. : (i) remoteness from the ocean, measured in the 
direction from which the ptevalent wind proceeds, (2) areas of 
high barometric pressure, and {3) high latitude. This last con- 
dition does not state that the average amount of rainfall regu- 
larly diminishes as we go northward like the average temperature, 
but if the mean annual rainfall be taken for every lo" of latitude, 
the important influence on the amount of rainfall is very decided, 
and is emphatically exhibited in high latitudes, The small ninnber 
of observations of the fall of rain or snowduring the various Arctic 
Etpedidons bears out this prindpie. 
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Regions of Great Rainfall.— Some of these regions have 
been already noted. Cherra Ponge is situated on Che Khasi 
Hills, 300 miles north of the Ba.y of Bengal, and at an elevation 
of 4,455 f^^'^- has the remarkahle mean annual rainfall of 
4.75 inches. This is due to (i) the high temperature of the air, 
(2) great humidity, oislng to its coming directly from the Indian 
Ocean, (3) the proximity of the mounlain to the ocean, and (4) 
the abruptness with which the mountain rises from tlLe lowlands 
in the south. The grealestknown mean nnnual rain liill in Europe 
occurs at Seathwaite, Cumberland, the average of 24 years' obser- 
vation being 143 inches. This remark:ihle precipitation is due 
to the influence of two neighboufing mountains, Skiddaw and 
Heivellyn. 

Rainless Regions and the causes of their aridity. — 

Besides the districts noted as having very little rainfall, there are 
cerlain almost rainless regions whose aridity dejjends not only 
upon the gener al conditions we have laid down, but on other causes. 
(Fig-. T58.) The Desert of Sahara is a well-knovm tract of this 
character. In ii the rains are generally of short duration, and of 
small geographical extent. The cause of the small rainfdl of the 
Sahara does not appear to be precisely the same in summer as tn 
winter, and different explanations have been put forward to 
account for this. Prof Loomis considered the two cases sepa- 
rately, and we cannot do better than quote his opinion : — 
'In winter the northern margin of the equatorial rain-belt 
retreats almost to the equator, so that with slight exceptions the 
whole of Africa, from the parallel of 30 deg. down almost to the 
equator, is well-nigh rainless. Throughout this whole region the 
distribution of atmospheric pressure, temperature aad humidity, 
is such as to cause a prevaltnce of northerly winds. From lat, 
30 deg, to tiiG equator the average pressure diminishes somewhat 
over a quarttr of an inch, which gives an average gradient of 
about o-oi inch for each degree of latitude, The temperature 
increases by more than 30 deg,, and the humidity of the air also 
increases. These causes are sufficient to determine a prevalent 
wind from the north, and all the observations we have from this 
regioa fully confirm this conclusion. These northerly winds in 
their progress towards the equator are contiinially advancing into 
a warmer region, that is, they are becoming drier, and this is a 

condition ilnfavourable to rahifall In symmer 

the distribution of temperature and pressure o\ t.'r Africa are very 
dilTerent from what they are in ivinter. In su.tti.«i&t Vv^akjj^ 
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temperature is found near the parallel of ao deg, N., and here the 
mean leniperaiure is about iqo deg, Fahrenheit, or 20 deg. 
greater than it is on the equator. The result of this intense heat 
is that the air is espjmded, it swells up and flows off to other 
parts of the globe, leaving a diminished pressure over the region 
of greatest heat. Thus in summer over Northern Africa, there is 
a permanent area of moderatelj' low pressure, whose centre is near 
litt. i7deg|N..Bnd here the mean pressure is about a quarter of 
an inch less than it is at the equator. This distribution of tem- 
perature and pressure determines the direction of the prevalent 
winds. In Northern Africa, down to near the parallel of 17 deg:, 
northerly winds prevail, and they generally have an inclination to 
the north-east. Between the parallel of 1 7 deg. and the equator, 
southerly winds generally prevail. The rainfall is intimately con- 
nected with the direction of the prevalent wind. In Northern 
Africa, where nortlierly winds prevail, the atmosphere advances 
from a cooler to a warmer region, which is a condition unfavour- 
able to rainfall. But this case is counteracted by a much more 
powerful influence, The great equatorial rain-belt, which is the 
result not of local causes but of causes which depend upon the 
general circulation of the atmosphere for the entire globe, 
advances in summer into the northern hemisphere, and the 
resulting rains sometimes extend northward to lat. 17 deg. Thus 
in summer the rains of Africa extend from the equator to near 
the parallel of 17 deg. N, ; but north of this line the entire 
continent is well-nigh rainless. The result for the entire year is 
that there is an extensive region where the mean annual rainfall 
it less than 10 inches. The boundaries of this region are some- 
what irregular, but the southern boundary is near the parallel of 
17 deg., and the northern bo-undary is somewhat north of the 
parallel of 30 deg.' 

The aridity of the Arabian Desert may be sinnilarly explained. 
In winter, northerly winds prevail, and the general result is an 
almost entire absence of rain. In summer, southerly winds 
prevail to about lat, 20 deg. N., but north of this northerly 
mnds prevail. The conditions aie, therefore, like those of 
the Sahara^ both in this respect and in the fact that the 
country is situated upon a plateau from 3jOoo to 5,000 feet 
above sea level. 

Similar conditions prevail throughout the region of small 
rainfall in Persia and Beluchistan, for this region has an elevation 
e/' from 4,000 to 6,000 feet. 
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Thibet owes its desert character to its position an the leeward 
side of the Himalayas, and its extreme elevation. 

Tiie Great Sandy Desert of Gobi is the result of three causes 
as far as rainfall is concertied, viz. — (i) considerable elevation; 
(2) its prevalent winds blow from a desert region ; (3) the 
existence of a range of mountains in the south-east to take out 
the moisture of winds blowing from the Pacific Ocean. 

Th-e small rainfaU in the vicinity of the Caspiiin and Aral Seas 
is due to some extent to position in the interior of a large continent. 
Northerly winds also prevail in the latter region at all seasons of 
the year, and these help to render it more arid than other parts of 
European Russia. 

A region in the extreme north of Asia, and another in the 
northern part of North America, [)robahly owe their small rainfall 
to remoteness from the ocean, measured in the direction of 
prevalent winds, and to their high latitude. 

There is an area in Northern California and Arizona in which 
hardly any rain falls. This is because a prevalent wind blows 
from the north, and as it blows from a colder to a warmer region, 
its capacity for holding moisture is increised — a condition 
unfavourable to rainfall. 

In summer southerly winds- prevail in the region of the Great 
Salt Lake, and as they tend towards a region in which the air is 
excessively drv, httle rainfall occurs. The principal desert in the 
southern hemisphere is in Australia. During the colder mouths 
of the year the winds blow from the interior of this continent. 
During the warmer months the interior of Australia is extremely 
hot ; hence, although the prevalent winds are then towards the 
interior, their capacity for moisture is increased, and therefore veiy 
little rain falls. 

The small lainiall of the Kalahari Desert in South Africa appears 
to be the result of conditions similar to those of Australia, and 
therefore admits of a similar explanation. 

In general, during summer, the prevalent winds blow towards 
desert regions, and in winter the winds flow out of them. And 
as the majority of these regions are also surrounded more or less 
by high hills, a low rainfall is occasioned. 

Snow. — When the temperature of a cloud is below freezing 
point, the aqueous vapour is solidified into minute crystals of ice, 
And, if the strata of air beneath are also below freezing point, 
and contain much moisture, the particles of ice become connected, 
to form snow-flakes, which liill to the earth as snow. Soow-ftsiStBs. 
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which liave accumulated in calm air often exhibit symmetrical 
forms of" great beauty, belonging to the hexagonal system of 
crystals. When the air is intensely cold the snow which Tails is 
of a powdery character. In very dry weather small round pellets 
are produced, and ditrlng warmish weather any fall of snow which 
may occur is generally made up of large flakes produced by the 
accumulation of smaller ones. 

Snow is never seen at places in the torrid zone, for though 
it were formed in the higher and colder regions of the atmo- 
sphere it would be melted before reaching the surface of the 
earth ; hence it is never seen in places where the average tem- 
perature is much above freezing point. 

- The Snow-Line, or limit of perpetual snow, is the name 
given to the height above which the summer heat is unable 
to mdt all the winter snow, and below which the summer heat 
is sufficient to do so. It is evident that snow may be formed at 
some height all over the globe, although its occurrence at sea 
level is confined lo certain parts. At the equator, where the 
temperature is high, it is only seen on the loftiest mountains. 
Peaks of the Andes and other mountains have frequently a 
greater elevation than the snow-hne,and therefore are perpetually 
covered with snow. At the poles the surface of the ground is 
similarly covered to sea-level, But this perpetual covering of a 
surface with snow means that more snow is farmed than can be 
melted by the heat of the sun. Hence there is a certain height 
above sea level all over the globe where snow can perpetually 
exist, and the height will be greatest where the sun's heat is 
greatest, and least where the sun's heat is least. An imaginary 
line joining the heights above which occurs perpetual snow is 
c:i\\^d the srmc'-line tfr Umil of perpetual snnv. Below the line, 
the heat of the sun is sufficient to melt all the snow that falls. 
The following is the height of the snow-line at various places : — 



Quito 

_f South side of Himalayas 
[North side of „ ... 
Sierra Nevada 
/North side of Alps ... 
(South side of „ 
Noilh Cape 
Spkzbevgea. 



Latitude. Heighl of Sno-w Line, 




1 6,000 feet, 


2S N. 




sg N. 


20,000 „ 


37 N. 


11,000 „ 


4O N. 


SjOoo „ 


46 N. 


9,O0D „ 


71 N. 


?,O0D „ 


jS N. 


Near sca le rel. 
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There is thus a gradual descent of the snow-line as the latitude 
increases. The height of the Umlt does not depend entirely 
upon latilude, however, hut is affected by local circumstances. 
This will be seen from the two bracketed cases. 

Sleet is snow that has been somewhat melted by passing through 
a warm stratum of air— a mixture of ha!f-me!ted snow and lain. 

Kail consists of hard pellets of ice or snow. — It may 

fall ill hard or soft pellets and is known as hard or soft hail. 
The pellets may vary in size from a siTiall pea to a pigeon's egg, 
large hailstones being fonned by the freezing together of small 
hailstones during descent to the earth's surface. On ctitting a 
hailstone into two and examining it under a microscope a speck 
of duat or some such matter is usually visible near the centre. 
Hailstones also present the appearance of being built up and not 
the appea.rance that would follow from the sudden freezing of 
drops of water (Fig. 159) ; hence the impress.ion that hail is raia 




Fig. 159^ HaLlstiuiei. 



firozen as it falls is entirely erroneous;, but slthoiigh this gradual 
formation is beyond doubt, no sufiident theory has been pro- 
pounded lo account for the fact that the hailstones remain 
suspended in the atmosphere. 

Sometimes hailstones consist of soft white snow without any 
apparent nucleus, and at other linn;s Ihey are so liard as lo 
require a heavy blow 10 break then). In the latiei case the 
broken hailslones often prest-iit a stratified structure, with a 
cuntre of clear ice, conci^ntric rings of solid and spongy ice, and 
an outer covering of snow. 
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QUESTIONS ON CHAPTER XVII. 

1. What aje snow-flakes, and how are they formed ? (1S87.) 

2. Under what conditions is a country likely to have an abundant nun&D? 
(1887.) 

3. What are the cluef snbstazices present in the atmosphere in additian to 
oxygen and nitrogen, and in what proportion do diew attditional MlwtanCM 
occur? (1836.) 

4. Howiaaraindropfinnied? (1885.) 

5. Give a dniwing of a ndn-gmge, and state Ae prindple of Its conitnu^ 
tkin? (1883.) 

6. How are snow and hail formed ? (1882.) 

7. What is meant by the rainfall of a place, and how is it measured ? 
(1882.) 

8. Explain the fact that no dew is found upon the ground after a cloudy tx 
windy night? (1881.) 

9. State the causes which maygive rise to an excessive rainfall in a district, 
illustrating your remarks by examples? (l83l.) 

10. When water is left standing in a vessel out of doors it giadnallj 
disappears. State what becomes cu the water, and under yrtiat coumdona « 
the atmosphere it mil disappear most rapidly ? (1879.) 

11. Describe some of the finma fbimd in snovflakes, and nqtkun their 

origin? (1879.) 

12. What btiie cause of the great cold which preraik in the Polar iKsions 7 

(1833.) 

13. Why is the heat so great in the aqnatorial reriona of the riobal 
(1884.) •» I*" 
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CHAPTER XVIII. 

THE MOVEMENTS OF THE ATMOSPHERE AND 
GENERAL CONDmONS OF CLIMATE. 

Consider our globe at rest, isolated in space and covered 
uniformly with water ; it can be well understood that in such a 
case there would be no tendency for the water to move from one 
point to another. In the same way, if the earth were at rest and 
surrounded with an atmosphere of uniform density, and if the sun 
did not exist, there would be no movement of the air, and winds 
would be unknown ; hut we know thnt the air is subject to dis- 
turbance, and indeed seems never still. Light breezes are 
constantly moving- the leaves of the trees, or heavy winds roughly 
shaking the trunks. What is the cause of the movement, and 
what are the laws that govern it, are questions to be answered in 
this chapter. In Chapter XVI. the barometer, an instrument by 
which the atmospheTic pressure is measured, was described ; and 
since it is differences of atmospheric pressure that regulate the 
motion of winds, by studying the readings of baiomelers at different 
times, and at various places, we may learn something about 
atmospheric n[iotion. 

Differences of atmospheric pressure are caused by 
the unequal heating of the air, or by its unequal 
htimidity. — It may have been noticed that when describing how 
the weight of air is determined {p. 287), we said that the value 
given only held good when the temperature was that of freezing 
water. If the experiment had been made at the temperature of 
boil ing water, the cubic foot of air would have been found to weigh 
about ^ oz., hence hot air is lighter, bulk for bulk, than cold air. 
Again, moist air is lighter, bulk for bulb, than dry air, A cubic 
foot of dry air at a temperature of 50" F. weighs nearly 547 grains, 
whilst a cubic foot of water-vapour at the same temperature only 
weighs a little over 4 grains. The humidity or quantity of water- 
vapour that air can hold is diflerent at different temperatures — the 
hotter the air the more vapour can it hold. Now, the more water- 
vapour the air at any place contains, the less is the atmospheric 
pressure at that place, and, theteCoie, Ike Vo*es Sa Slne.N^crasRX'ei... 
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Winds are caused by differences of atmospheric pressure, and,! 

ther&fore, any circumstance that is the cause of a change of tem-' 
perature of the air, or affects the amount of moisture it contains, 
causes a wind to be set up. 

Land and Sea Breezes, — At the seaside during the day % 
breeze blows in from the water, and is called a sea-breeze ; after 
sunset, however, the wind veers round and blows from the laTid to 
the sea — this is called a lani-bree^e. These breezes are well marked 
in or near the tropics, but are not so noticeable in our latitudes,^ 
We have sliowji that some substances take more heat than Others 
to raise Ihein to a given temperature, and therefore, other thing 
being utjual, these substances take longer lo heat or to cool than 
others. Water takes [More heat lo raise its temperature one degree 
than the same weight of any substance, and is also a poor radiator 
of heat, hence water takes much longer to lose its heat than.! 




Sea and Land Breezes. 



anything else. When the sun is shining upon the earth during j 
the day it is known by common experience that the land soonj 
becomes hot ; the water, however, does not become so warm,! 
hence the ait resting on the land in 'the day is warmer than that . 
resting oa the water and so a sea-breeze is set up; a slight, 
current flows from the colder, and, therefore, denser air to the! 
warmer and lighter. In the evening the sun's raj's are withdrawn,! 
the land loses its heat quickuc than the water, and the air restinw 
yjion it becomes cooler than that resting on the water, so a land- 
breeze is set up, the current again flowing from the colder anc 
heavier air to the warmer and lighter (Fig. ifio), the tendenc 
always being for the air to flow and keep in motion so long ais 
iiJJtirence of iemperaiure exists. 
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M easureraent of the direction and pressure of 

Winds. — The direction of wind is indicated by an ordinary 
weathercock or ottier wind-vane. The apparatus should be 
fixed above the roofs of neighbouring houses or trees, and the 
cardinal points (N. S. E. and W.) should of course have their 
true, not the magnetic, direction. The other ' points of the 
compass' are described in Chapter XXI, It may be well to point 
out that winds are named according to the point from which they 
blow, differing in this respect from ocean currentSj which are 
named according to the direction towards which they flow. 




Fig. i6i. An Aticmomcler, for the delcrminalinn of ihe. Velocity of Wind. 

The force of the wind is measured by an instrument termed 
an anemometer. One form, due to Dr. Robinson, shown in 
Fig, i6i. The wind causes the four hemispherical cups to re- 
volve, and their motion turns the vertical axis, which is in gear with a. 
hand capable of moving round agraduated dial. The anemometer 
illustrated by the figure has two graduated circles. One circle 
indicates motions of the anemometer cups up to five miles, and 
the other circle from 5 to 505 miles. The velocity of the wind 
at any particular moment is found by observing the index before 
and after a certain interval of time, say five minutes, and then mul- 
tiplj-ing the amount of motion of the liand by twelve to find the 
velocity in miles per hour. Uf course if an ioterval of only a minute 
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were taken tHe amount of motion would have to be multiplied by 
sixty in order lo find the velocity of the wind in miles per hour. 
On account of friction and Other circumstances the cups only 
travel at about one-third the rate of the wind, but this is allowed 
for in graduating the dials so that true readijigs can be obtained 
at once. When the velocity is known the pressure can be 
calculateci. The following' table of velocities of winds and the 
consequent pressures is taken from Scott's ' Meteorolog'y ' : — 

Miles per hhs. per «q. ft., 



hour, approiimattly, 

Calm 3 -oS 

Light Air 8 -6 

Light Breeze ... ... ... 13 1-5 

Gentle Breeze ... ... ... 18 3-9 

Moderate Breeze 23 47 

Fresh Breeze 28 6-g 

Strong Breeze ... ... ... 34 lo-a 

Moderate Gale 40 14-! 

Fresh Gale ,,. ... ... 48 ao"3 

Strong Gale 56 27-8 

Whole Gale 65 37-5 

Storm 75 45*9 

Hurricane... ... ... ... 90 71-8 



In some cases the giista of wind have a velocity of lao miles an 
hour, but rarely more, 

The conditions which respectively cause a barometer 
to stand high or low, under ordinary circumstances are thtis 
stated by Scott, after Prof. Mohn. 

A barometer stands high ; — 

(1.) When the air is very cold, for then the lower strata are 
denser and more contracted than when it Is warm, 

(2.) When the aii is dry, for then it is denser than when it is 
moist, 

(3.) When in any way an upper current sets in towards a given 
area, for this compresses the strata beneath, 
Conversely a barometer stands Jow : — 

(i.) When the Iowe:r strata are heated, causing the surfaces of 
equal pressure to rise, and the upper layers to slide off, for by 
fJiis means the mass of air pressing on each unit of area below 
is reduced. 
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(a.) When the air is damp, for as ttie density of aqueous 
vapour at the Ceinperature of 60" F., and pressure of 30 inches, 
is o'523, air being 1, the mixture is lighter the more vapour it 
contains, and consequently damp air does not press so heavily 3S 
dry on the unit of area below, 

(3.) When the air from any cause has an upward movement, 
for this of course acts in the same manner as (i). 

Extending this reasoning to the case of the earth taken as a 
whole, we have the fact that the air is tiotteat over the torrid 
aone; ascending' currents are therefore set up, and other currents 
rush along the earth's surface to take the place of the ascending 
air. Where the ascending currents occur the barometer will 
r«ad lower than at higher latitudes, and, as a matter of fact, at 
the equator the average barometric lieiglit at the level of the sea 
during our winter is ag'SS inches, whereas in latitude about 40° N. 
it has been found to he 30-20 inches. 

The Trade Winds.^ — It is evident from the foregoing para- 
graph that in the nortliern and in the southern hemisphere there 
is a constant tendency for two currents to flow from the direction 
of the poles along the earth's surface to the equator, and if the 
^earth were at rest there would always be a north wind in the 
northern hemisphere, and a south wind in the southern hemis- 
phere. But the earth is in rotation, the air at the poles has no 
motion of rotation, whilst the air at the equator is whirling round 
with the earth at the rate of upwards of r.ooo miles an hour— hence 
as the current (lows from the poles to the equator it is constantly 
dropping behind, and instead of a wind blowing direct from the 
north pole we get a wind from the north-east, whilst in the 
southern hemisphere the wind blows from the south-east. These 
winds are constant and are called north-east and south-east trade- 
winds, because the enrly navigators depended upon them for 
commercial purposes. The north-east trades are chiefly felt 
between latitudes 6* N. and 35" N,, and the south-east traides 
between latitudes 6" S. to 30" S. 

The Anti-Trade Winds. — Besides the cold lower current 
flowing from high latitudes to the equator there is the upper warm 
current flowing from the equator to high latitudes. These return 
currents are gradually cooled in their journey poleward, and 
observations show ihal they reach the surface in about the thirtieth 
parallel of latitude. Here again, if only the change of tempera- 
tlire and therefore difference of pxesiviie %a.Nft ^i^\eKL^^.'vw^, ^a 'fis'fe 
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return currents, tliey would flow ciue north and due south; but 
we have a combination of motions, iTie air has a higher velocity 
at the equator tlian in higher latiludes, consequently the currents 
Rowing poleward are coastantlj' getting ahead, and, since the earth 
rotates from west to east, they flow from the equator in a south- 
east direction, that is, from the south-west in our hemisphere, 
and form north-west winds in ihe southern Ixernisphere. Such 
winds are called the 'Anti-trades' In our hemisphere their effect 
is not striking because of the influence of the land, which causes 




Fi^, 1C2. Comtant Winds and Calms. 



irregular motion of the currents. In the southern hemisphere, 
however, where there is little land to get heated and cause local 
currents, the anti-trades blow with considerable constancy and 
forcei and between latitude 40" and go" in the Pacific and South 
Indian Oceans these winds aie known as the Brave West Winds, 
and the latitudes in which they blow as the ' Soaring Fodits.^ 
The region of the south-west anti-tc.ides extends from 35" N, 
fo 6s " -W.. ajid of the north-west atilV-Xiadea ^tom ■jp" Saq 6,^° 3. 
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It is well kn&wn that the prevalent wind in Britain and the 
west of Europe is south-west, and the foregoing furnishes the 
reason for this. In towns where such winds are prevalent 
the ' west end ' is always the best end, and the reason is obviously 
because they reach tha.t end fresh and u neon laminated with the 
dirt and disease that are suspended over the towns, and blow 
these impurities to the esst end. The general direction of the 
trade and anti-trade winds described is shown in Fig. 162, 

E'Quatorial Belt of Calm.^ — It was pointed out in a previous 
chapter that the sun is only directly over the equator twice a year, 
tEiiLt it journeys north and reaches the tropic of Cancer in July, 
then turns south and reaches the tropic of Capricorn in January, 
hence the trade winds do not constantly blow to and from the 
equator but to or from some zone north or south of it according 
to the position of the sun. 

The irregular conformation of the land surface of the earth 
alfecta considerably the constancy of the trade and anti-trade 
winds. In January the belt of heated air lies nearly along the 
equator with little but sea under it, the consequence being chat 
the trade winds are then more distinctly felt than when the sun is 
further north of the equator and the belt of heated air extends 
over Asia and the northern part of Africa. In the Atlantic and 
Pacific Oceans, where there is little land in the track of the winds, 
they are most regular. In the Indian Ocean the mass of land 
north of the equator and forming the continent of Asia prevents 
the north-east trade wind from blowing at all, and the south-east 
trade wind alone is constant. 

We thus see that a circulation of air is continually going on, 
and it i:; manifest that where the north-east and the Sciuth-east 
winds meet they will neutralise each other — we shall have a 
belt of calms. Such a belt, about five degrees in breadth and 
characterised by low atmospheric pressure, runs nearly parallel to 
the equator, and is called the ' Deldnims,' or the zone of calms; 
within it the heat is sufTocating and sometimes intense calm 
prevails, at other times heavy rains and violent thunderstorms 
occur. If the earth were uniformly covered with water the belt 
of calms would always lie directly under the sun because that 
would be the line of greatest lieat; the greater amount of land in 
ihe northern hemisphere, however, causes the line of greatest 
heat (the thermal equator) to lie north of the geographical 
equator, and therefore the belt of ca^to^ iX^. "Vu "Cwt fr>j\'ss;sS& 
Ocean ihe bell of calms lies enlue\^ W tfwt wavCcii'taMX as. '^^-^ 
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jourQcys north and south of th« equator the belt moves 
with it ; near the end of our summer it reaches its most nor- 
therly limit in eleven degrees north latitude, and towards the 
end of our wiiiler its lower limit, in one degree north latitude, 
ts reached. 

Calms of Cancer and Capricorn are other similar belts 
caused by the crossing of the polax currents, forming the trade 
winds, and the return currents or anti-trades. Unlike the equa- 
torial belt of calms, however, the calras of Cancer and Capricorn 
are characterised by high atmospheric pressure and generally 
bright weather. The former prevails in about lat. 35" N., and the 
tatter in about 30" S, The trade and anti-trade winds are called 
constant winds, but the currents that prevail in the belts of calm 
are variable. 

Monsoons are periodic winds which blow at 
definite periods and in certain directions.— Tliey are 

cauyed by the unequal temperature of land and water at different 
seasons of the year or times of the day. 

Some winds have a marked seasonal character, and it is to these 
we would now direct attention, Such winds are called Monsoons, 
which is the Malay signification for a stason of the year. They 
are most perfectly developed in the Indian Ocean, where, as we 
have before noted, no north-east trade wind blows. During 
winter in India, that is, from November to April, the north-east 
monsoon prevails. The sun is then south of the equator — the 
temperature of South Africa is thus higher than that of Asia 
— Eha ascending currents cause the barometer to fall and citrrents 
of air blow along the earth from Asia to South Africa. They 
leave Asia as dry winds ; as they cross the ocean, however, some 
moisture is taken up to be deposited on the south-east coast of 
Africa. The summer wind in India blows from May to October 
and is a south-west wind, which, it will be observed, has an 
exactly opposite direction to the course of the trade-winds. The 
5un is then north of the equator and Central Asia gets very hot, 
the result being that air colder than that lying on the plains of 
Asia is forced towards the centre of rarefaction. This cold ait 
comes from the Indian Ocean and carries moisture, which is 
deposited in India and the east of Asia ; indeed, the rainfall is so 
excessive during the summer monsoon in some regions that it 
is cjIJed the wet monsoon, On the coast of China the winter 
ind is a north-west monsooii, and the summer wind a south- 
sc monsoon ; the latter is looked tgiwM& xo V^j \Vft OKmssfe 
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Tanner to water his land, and both are utilised by navigators of 
the Indian Ocean and China Sea in the same way as the trade 
winds. 

Weak monsoons also blow in North America and even in 
Europe ; they have the same cause, viz., the alteration in the lein- 
perature of these continents according to the position of the sun. 
As summer occurs the land and the air Overlying it gets hoLter 
than the surrounding water, consequently winds blow towards the 
centres of these continents from all directions^ and the direction 
of the monsoon or periodic wind will depend upon the geo- 
graphical position of any place in its track ; in the winter, how- 
ever, the land gets cool, air rushes out from the centre, and 
dry winds having a reversed direction prevail. The winds 
blow in upon all desert regions in the summer and flow out 
from tliein in the winter in both the northern, and the southern 
hemisphere. 

Some winds have local names, thus, the Mistral is a 
wind that blows over Southern France. It comes from the high 
land of Central and Eastern France, and ther^efore is a cold wind, 
generally accompanied by torrents of rain. In Africa and Arabia 
the Sir/worn occurs— a dry, hot, and suffocating wind, rushing 
across deserts and whirling up clouds of sand that bury whole 
caravans. The Harmatian is the name given to a similar wind 
that blows at certain times of the year from the heated Sahara 
to the coast of Guinea.. The Sirocco is a similar hot wind, 
containing a great deal of moisture taken from tlie Mediterranean, 
ni blows in a south-east direction towards Sicily and Italy, and 
causes extreme lanyuor. In Spain it is called the Solanti, and 
sometimes contains fine dust, carried across the narrow part of 
the Mediterranean from the deserts of Africa. 

Isobars are lines connecting places where the 
barometric pressure is the same, — They may connect 
places having the same mean annual barometric height (the 
readings being reduced to sea level and a temperatue of o" C), 
or separate sets of lines may be drawn for each month showing 
where the pressure is the same, or one particular Lime may be 
chosen when al! the barometer readings shall be taken at all 
meteorological stations. Thus, every morning observers at all 
the princi|jal towns in England and on llie continent telegraph 
the height of their barometer and the direction of the wind ttj 
a central office in London, A map is tWew \a!<,.w -^sKra^ 
are dratvj] trpon it for barometric ita,4\u^^ "'si.OcA.'i, 1 
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inches, 29'5 inches, and so on, each line representing a reading 
differing by of an inch from the next. What these lines teach 
will be considered later. 

Cyclones are variable or occasional winds blowing 
in more or less spiral curves. — The motion of cyclones on 
a smiiU scale may ohen be seen, on a dusty road. A whirling 

movement is set up and 
travels as a whole down the 
road, carrying clouds of 
dust with it. Similar move- 
ments of air on a vast 
scnle are called clones, 
and all storms are of this 
character. If a cyclone in 
the northern hemisphere 
could be viewed from 
above the atmosphere, the 
whirl would be in the 
oijposite direction to the 
hands of a wa.tch ; a 
cyclone in the southern 
hemisphere whirls in the 
same direction as watch 
hands (Fig, 163). In ad- 
dition to this cyclonic 
movement the whole body 
of air moves, so that 
when a storm passes over 
a country first the wind 
blows fijTiously in one direction, then there is a short lull as. 
the centre of the storm passes, and then the wind blows from an 
opposite direction. There is a gradual lowering of the barometer 
from just oulside a slorm area to its centre, and if it is found that 
there is a difference of one or two inches in the barometric 
heights, say at Paris and Bristol, a heavy gale may be e-ipected 
— the greater the difference of atmospheric pressure or the 
steeper the 'barometric gradient," the more violent will be 
the wind, 

Weather Forecasts. — From the observations made at 8 a.m, 

very day in mefeorological stations, isobaric curves are drawn, 
Me Central OjUce, on a map o£ Europe, a c«.-WHe.'«V.«t« 
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FiR. 163. 

Movements of Cyelrines in. the North and 
South Hemispheres. The rouies of 
cycldmeB are fcund to be roughly para- 
boiic, as iniiicated by the dotted lines. 
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the lowest reading has been taken. The curves may embrace an 
area thirty miles m diameter or a thousand mileSj but the whole 
cyclone can thus be mapped out. and the direction of its move- 
ment being known, storm warnings are sent to places in its 
track. Now, there is a connection betweeft the direction of the 
wind and atmospheric pressure, and it is expressed in what is 
known as Biiys-Ballot's law, which may be stated thus ; — ' If 
you stand with your back to the wind in the northern hemisphere 
the barometer will be lower on your left hand than on your 
right. If you staod with your back to the wind in the sQuthern 
hemispherCj the barometer will be lower on your right hand than 
on your left.' Hence, if the direction of the wind be observed, 
the distribution of atmospheric pressure msy be deduced, or 
conversely, if the distribution of atmospheric pressure be known, 
the direction of the wind maybe found, and it is by the utilisation 
of this law that storm vrarnings are rendeted t^ssible. The 
average rate of movement of a storm is from fifteen to thirty 
miles an hour; the whirl of the air that forms the wind, however, 
may have a much greater velocity. 

The direction in which a cyclone travels is generally that of 
the prevailing wind. Thus a cyclone from the tropics moves in 
a westward direction towards the pole. In Europe, where the 
prevaihng wind is westerly, storms generally come from the west- 
ward, so that they pass over France, Portugal, and Great Britain, 
and often lose their fury in Russia. It is rarely that a storm 
reaches the east coast of EngUnd without warning having been 
received. 

Local Names of Cyclones. — It is easy to see that if water 
be in the track of a whirling mass of air a waiit-spoul m;iy he 
formed and made to move with it ; if dust he in the track of the 
spiral, a simoon or dust spout may be the result. Various names 
have been given to cyclonic movements of the air in different 
localities. In the West Indies they are known as hurricanes, and 
in th-e China Seas and the Bay of Bengal, typheons. What is 
known as a tornado is merely a whirlwind or cyclone having a 
small area. The violence of these whirlwinds is well known, and 
the track of one, although rarely mote than a quarter of a mile 
wide, is like that of an advancing army — a path of destruction 
and devastation. One half of a house may be cut down and 
the other half remain uninjured, whilst heaM^ cas^.";. ■v^siss. 
are liajjsported some distance \)V iJcie TOWtmiW^ 'A 'fiwe. -bNvjKmm 
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spiral of air. A tornado does not last long, however, but exhausts 
"tself after passing over about twenty or thirty miles. 

Torrents of rain are usually associated with storms. The 
"eason for this is, that as the air is whirled upwards it must 
expand, by expansion it becomes cooled, water-vapour is thtJS 
condensed arjd ram follows. 

Characteristics of Cyclones and Anti- Cyclones. — 

Cyclones are characterised by (i) low barometric pressure, (s) 
he winds blowing approximately towards the centre; (3) the direc- 
tion of the whirl being in the opposite direction to the hands of a 
watch in the northern hemisphfere, and in the same direction in 
the southern hemisphere, {4) wet weather. 

An anti-cyclone is an area of high barometric pressure, the 
centre showing the highest barometer reading. The lower air in 
a cyclone is made to rise and flow in a spiral course into the central 
depression ; in an anti-cydone the state of things is reversed^ air 
flows out from the centre of highest pressure, and is caused to 
descend as it does so. The weather that accompanies an anti- 
cyclone is very different from that accompanying a cyclone. As 
the air in an anti-cyclone is forced to descend it becocaes 
compressed and g'ets heated ; it could thus take np much more 
moisture and hence always conies to us as a dry air; the sky is 
also generally fcee from clouds, although fog often occurs al the 
centre of the system. The memorable winter of 1890-91 
furnishes an example of anti-cyclonic weather. 

The motion of the wind in an anti-cyclone in the northern 
hemisphere is in the direction of the hands of a watch, being 
contrary to the motion in a cyclone; it is also generally more or 
less stationarj-, and does not move rapidly from west to east as a 
cyclone does in our latitudes. 

Weather Charts. — Many of the daily papers now include 
charts in choir columns, showing the height of the barometer 
on. the morning of issue and giving other meteorological infor- 
mation. Fig. 164- shows the weather chart that appeared 
in the Daih Chronids on December Sth, iSgi, On this 
chart is indicated the height of the barometer on the morning 
of the date of issuej and the readings observed on the 
ornfngs of the tliree preceding days, Tlie other indications 
explained below the chart, atvd t\\e temaiks need no further 
ment. 
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FXPI ANATIOfJ. 

Tlie Illicit iioe sliaivs the 
variation in the height of 
the baronaeter during thi; 

[last four days. The ihto 
ine iliowa the shade tern- 
peralnre for the sanio 
interval, and also- tlic masi-j 
mum and minimum read-, 
ings foi ihe day, 

REMAKK9. 

S.30 P.M, 

The <]cpressiou which ■ 
WQS aiivanctng from tlte 
Atlantic to our suUllvivest 
coa.'ils OQ Tuesday hasi 
prov'iid. to be of gtetiti 
depth, and has caused 
fjues over all parts of our 
isliiiids, from between soutii 
mid west in the Channel 
aad the south of Eiigliiid, 
from south-west and south- 
east over the east of Great 
Britain, from the easiwnrd 
ID tlie north, and from 

north-west in the western 



parts of the kingdom. Over the thantie! the gnle has been of great severity. 
Al etght o'clotk this monuDg the cenirc of llie system lay over Wales, and 
during the day it liaa continued its norlh-eastetly course across the noclliern 
parts of England. Tlie disturbance was acoompanicd by licavy falls of rain 
gencrallyi theammunts measured at many of our wuchcra and so utii- wester 11 
atntions esceediniE an inch. At six p.m, to-dnv pressure was highest, about; 
ag'S in., Ijoth over liic Gulf of Bothnia .md tlie Spanish Peninsulii ; loiveit, 
about aS'j in., a little to the east of Ihe Firth of Forth, The barometer was 
falling quiclfly in the north and norch-easi, rising iu tlio west and south, rapidly 
over the s&nlh of Hngland, Gradients were still steep, especially ovtr. 
England and the North Sea. Temperature was highest, 49 deg., at Bresr, 1 
Jersey, and Aberdeen 1 lowest, 41 deg. to 44 deg, , over Ireland, 43 deg. la iHo ' 
Shctlanda, 44 dlejj. at Shields and io London, and 45 deg. at Yark and 1 
Yormoulh. "Wind was blowing a fresh to whole gale from west or west-norlh' 
west over England, and b strong south-easterly gale over the north ond east 
□r Scollnndi Denmark, and the south cf Is'otHuy. At Valenti^i Island it hitil 
backed somewhat ainee two p.m. Weather wusdiiU and rainy in nearly all 

?lac<i9, with st|nalls of hnil at some of tlic Irish stations. In London and at 
furfrt Casile, ho-wuver, the rain had ceased, and the sky was clenring. The 
amount of raiofull report-ed at Brixton since eight a.m. was 0'66 in., Tnaking a 
tutal fali of 1-14 in. during* the past twetity-fouc hours. Sea was WCeedingly; 
high i>t Aberdeen, and high or rough on all ■parts qC 011 tjiiWi. "v™ 
diaturbonce will probably conv'itiue W ti\o\e -i-N-a.") \iEirick-«.i^™*i*«Ti 
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galea over our islands n-ill gindually snWde, nlth impTOviiig weattirr. Tfae 
bntclring wind at Valentta Island, howei-er, seems to show that SWOTcl^iy 
^sterns will ahortiy appear over the kiDgdom. 

The cyclone of November it. 18^1, was one of the most 
severe that has occurretl in England for many years, asid a short 
account of Che barometricul distuctiances it caused sliouM be of 
interest in this connection. 

Mr. Charles Harding iu an article that appeared in Nalurc on 
December 24ih ably brought together same lacCs relative to the 
severe gale of November nth. Figs. 165 and 16S are copies 
of a weather report issued from the Meteorological Office. They 
show the isobars prevailing over Europe at S a.ra. and 6 p.m., 
and the direction and velocity of the wind, and illustrate the 
following: remarks from Mr. Harding's p-iper. 

'The conditions on tlie morning of the nth ire ijictured in the iliagram for 
8 o'clock, obtained from the weekly weather report of the Meteorological 
Office, and from, tils it ivill be ae-en that the stotin area was central over 
Pembrokeshire, the lowest reading being 2S'36 inthcs at St. Ann's Head, 
whilst tbe metcory wils belo'vr 29 iiicb.es over the eatire area of the British 
Islands, and gales wera blowing in most parts of the country. The cyclonic 
circulation of the winds w;i5 complete in oui islands, the direction being 
northerly in Itdaad, westerly and south.'WeEterly over the Channel and the 
wuth of England, southerly on our east coasts, and easterly in Scotland and 
the northern portion of the Kingdom. The barometer gradients were very 
steep in the English Channel, as well as in the south -western aid south-eastern 
districts ; and at Scilly force 1 1 of Beaofott's Dotation was reported from the 
noith-west At many of the English slMiona the fall of the baroinetet since 
six o'clock the prececiing evening exceeded 0'9 inch, and at Hurst Castle it 
amounted to an inch, whilst in several plaices in the south and west the rniofall 
Ksceeded an inch in the preceding 24 hours. The gale ra.niinued Xf rage 
during the day, and at two o'clock ia the afternoon tlie force cif the wind at 
Dungeness was reported as 12 of Beaufort's notaCioTi, which is the eitreme 
limit of the scale, and is equivalent to a hurricane; the lowest harometer 
reported to the Meleoroloirical Oliice at thi^ time being 28-34 inchiis at Shields. 
At six o'clock on the 1 1th the cenlnl area of the Stom had pasised to the 
eastward of our coasts, aa shown hy the diagrara for that hoi^r, the core or 
heait of the storm not being far distant from Shield.?, where the birameter 
was- standing at 2S'3I inches, which is apparently the lowest reading recxirdcd 

In the British Islands during the gale In the 

neighbourhood of London ihe barometer fell to 28-47 inches, and there have 
only been seven years since 181 1 iu which the reading has fallen lower, the 
absolutely lowest corrected reading during thi; last eighty years In the vicinity 
of London being aS'oa inches on Jinu^ry zgth, i8i4;" 

The cause of sfcorms and winds of all kinds is primarily 
the iinetjual heating of the surface of the earth by the sun's 
rays, but the way in ■which the final result is brought about is 
a matter of some discussion. Two main theories have been 
proposed to account for the phenomena. One, known as the 
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'conrection' theory, is that the air in the centre of a cvclone 
rises in consequence of the greater relative warmth which is 
produced there by the latent heat set free by' condensation of 
aqueous vapour. If an upward current is established by any 
cause at any locality other than very close to tlie equator, the 
eddying circular motion characteristic of cyclones must he 
produced. Another theory is that storms are circular eddies 
produced by the general motion of the atmosphere as a whcile, 
just as eddies are formed in a stream of runm'ng water.. An eddy 
thus produced in the upper strafa of tiie atmosphere is accom- 
panied by a diminution of pressure at the centre and so the air in 
lower strata rises and the e;fl"ect may extend to the earth's surface. 

Climate is the average qf weather conditions and is 
mainly dependent upon :-" 

li) The mean annual temperature and the range of temperature. 

(2) The mean annual rainfall and its distribution throughout 

the year- 

(3) The amount of bright sunshine. 

Effect of Latitude. — If the earth were entirely covered ivith 
water or consisted wholly of land then the climate of any place 
would be determined by its latitude. Since the inequality of the 
tenths of the days and nights during the year increases witli the 
latitude, the range of temperature is also subject to a general 
increase. But, that places having the same latitude have very 
different climates is apparent from the following table : — 

Average Avcraf^ 

Latitude. Summer Winter Range. 

Teniperaiurp. Tempptiiture. 

fl-isbon 3gf Jl" $2" igf 

"(Pekin 40 81 jj 54 

J Vienna 48 70 39 41 

I I^ndon 51 64 37 ay 

J Edinburgh 56 57 33 ig 

(Moscow 56 64 15 49 

J Aberdeen 57 59 35 20 

jNain (Labrador) ... 57 47 o 47 

( Bergcjn (Norway) ., . 60 58 36 as 

\ Yakutsk (Siberin)... 62 €6 — 45 in 

f fioothia Felix ... 70 38 — a8 66 

1 Mageroe 71 44 34 ao 

I Melville Island ... 75 37 — 32 69 

Ispitibergcn 78 45 5 40 
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It is evident, therefore, that other causes besides latitude' 
determine the dimate of a place, and ulso that places baving the 
same average yearly temperature may have different climates. 
Thus, London and Vienna have nearly t!ie same average tempera- 
ture but very diiferent ranges of temperature. 

Effect of Elevation. — It has been pointed out that the 
average temperature decreases, and the range of temperature 
increases with the height above sea-level, and that even in] 
the torrid zone the highest mountain peaks are always capped] 
with snow. This fact is taken advantage of by Europeans in 1 
India, who recruit their health by retiring to the hills during the 
hot season ; for by ascending some 3,000 feet on the Himalayas 
and Neilgherries a bracing atmospliere is obtained. Similarly, 
places situated on lable-lands have a lower average temperature 
than other localities Imving the same latitude but not so elevated, 
whilst at the same time the range of temperature in such elevated 
stations is greater than at a lower level. Quito, situated 9,000 
feet above sea level at the equator, and many other places on 
the Andes in South America, enjoy quite temperate climates 
on account of their elevated position. 

The effect of large water surfaces is to decrease the 
range of temperature. The influence of the sea in this respect 
has already been referred (0. 

The effect of prevalent winds is to increase or diminish! 
the average temperature, according as they flow from the equator! 
or from the poles. The -winds blowing from the interior ofi 
continents are liable to much greater extremes of temperature 
than the winds from water surfaces, being very hot in summer and 
very cold in winter. In England, we know that a north-easterly] 
wind is cold, whilst a westerly wind is warm and moist. This isJ 
because in the former case the wind blows from higher latitudes,! 
whilst in the latter, it blows from the equator and along tbej 
Atlantic. The west coasts of Europe and North America are! 
rendered milder and moisler by these south-west winds thatij 
corresponding latitudes inland and on the east coast. 

Effect of the general slope of the land. The land 
which slopes towards the equator receives the sun's rays lesS' 
obliquely than land sloping towards the poles. Hence in the 
northern hemisphere, the south sides of hills are warmer than the 
I north sides; in the southern hemisphere, however, hills with aj 
LnoTthward inclination are sloping towards the equator, so theirj 
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nortiern sides are "-armeT than the soutlicni. It is on account 
of this causf, to some extent, that the height of the snow line 
lies at a dilTerent level on the north and south sides of the same 
hills and mountains. In North America most of the land north 
of latitude 50" slopes towards the poles- ; in Europe, however, onlj' 

a small portion of the land 
has this northward slope, 
and this lies north of lati- 
tude 60° ; this is one of 
the reasons why the cli- 
mates of North America 
and Europe, even on the 
same parallels of !a,titude, 
are so different, A striking 
example of the influence 
of slope on climate is 
afforded in Asia. From 
Tig. ibj. luflutiitt I't Lliiiiuit. the ^able-land of Central 

Asia there is a genera! 
slope southward and northward. On the southern side, tropical 
-i^tation flourishes even at a height of 5,000 feet ; but on the 
northern side the ciimate is considerably colder until Siberii is 
reached, where intense cold prevails all the year at places situated 
no further north than Edinburgh, Similarly, the southern side 
of the Alps has a magnificent climate, whilst the northern side, 
at the same elevation, is covered with ice. {Fig. 167.) 

The effect of mountain ranges varies according to 
whether the chain is parallel or inclined to the direction of the 
prevalent wind. It is fully considered in the section on rainfall. 

The character of the land surface is very important. 

Rocky or aandy soils are subject to great extremes of temperature ; 
they readily absorb the sun's heat and btconie extremely hot 
during thy day and rapidly radiate the heat into space and thus 
become ice-cold duriiig the night. The Sahara Desert is an 
example of a region havinjj an extreme range of temperature. 

The effect of drainage and cultivation is to increase 
the lemjicralure and drjiiess, in fact, the incrua.si? in temperature 
due to drainage in Great Kritain during (he last liundred j'ears 
is said to be ffym two to three degrees. Forests modify the 
heat uf the sun during the day and prevent very rapid radiation 
during the night, and thus ic-nd to equalis3 the temperature ; but 
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they have also a cooling effect, being often associated with marshy 
land, for the trees act as condensers of the moisture in the 
atmosphere, and the rain that falls cannot flow freely o9" the land, 
but accumulates in low-lying parts; the air in contact with it is 
cooled, and there being no free circulation, it remains cool. As 
forests are cleared, however, and the amount of uncultivated 
land is decreased, the climate is made warmer, because the sun's 
rays are no longer cut off from the soil, and there is a freer 
circulation of air. The marshy region becomes a land covered 
with vegetation and traversed by a few rivers, and the climate 
is rendered drier because the condensers of atmospheric moisture 
have been demolished. The clearing of for-est land, however, 
has often been carried too far, and a region luxuriant with vege- 
tation rendered barren tlu^ough hick of rain. 



QUESTIONS ON CHAPTER XVIII. 

1. EipUio tbe manner in which kad-breezea aod aea-breuea. &re produced. 
(1BS5.} 

2. Explain the cause of tbc dlfTerence of c)imat« the cist snd west 
cga^stsof Great Britain. ClS34.> 

3. How aie tlie direction and force of the wind measured ? (1S84.) 

it- What are tlic causes of llie variations of pressure o( Ihe atmosphere? 
(1B83.) 

5. Describe land and aea breesEs, aad state how they are prod uc-ed. (iSSz.) 

6. What aT'e ibothcrma.] lines ? Espliiin hew it is tiiat isothLTinal Unaa 1I0 
not coincide vAih the parallels of latitude:. (iS-Sz.) 

7. Explain the nature B.nd cause uf the diRuieDce between coDtiQeulal sod. 
insular dtmalej. (18S1,) 

8. What 15 meant by the snow-lire, and on what coxidilions docs he height 
of ihe Enow-liiie on djiTeient mountain chains depoiid ? (iSSl.J 

9. Why 19 the south-west •mw^ ia this country usually accompanied \ty xsla, 
while the cast wind brings dry weather f (i8Sd,) 

10. What are isobars 7 State the causes to which their coutinual changCB 
in jjosition are due. (1878. ) 

ij. What are some of llie characleiislius of cyclonic and ami-cyclonic 

neaihei respectively f 
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SPRINGS. 1^1V1:RS, GLACIERS AND LAKES. 

Permeable and Impermeable Rocks.— We know from 
general observation that some substances will hold water whilst 
others cannot hold it so well. IVhen a garden is watered the soil 
absorbs the liquid and it quickly disappears, If, however, we 
were watering a layer of clay we know that the water would not 
be so readily soaked up. Now substances that let moisture pass 
through tliciu are said to be ferweaiile ; substances that prevent 
the passage of water are called impemieablt. Chalk, sandstone, 
loose sand, and gravel are examples of the first, and clay and 
slate of the second, class of rocks. 

Springs. — We have considered the moisture in the air and 
the various forms in which it is precipitated Co the eartti. It has 
also been shown that a considerable amount returns to the 
atmosphere again by evaporation. A portion runs off the surface 
into the watercoiirses, aud in that way reaches the sea. A por- 
tion is absorbed by vegetation. And a fraction of the total 




Fig. j68, a Surface Spring. 

quantity fallen penetrates the soil and underlying formations 
to depths Yvhere evaporation has no influence. The character of 
the formation in which rainfall takes place, that of the fall itself, 
the amount of \'egetation, the temperature, the slopes of the 
surface, and other circuntstances will determine the quantity 
disposed of under each of the heads mentioned and this will vary 
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enormously under different conditions. Everyone is familiar with 
the springs that are met with at the side of many hills ; and many 
persons have, when walking in dry weather, visited the spot where 
they once saw a spring bursting forth only to find it dried up, 
whilst in wet weather it flows copiously. It is evident, therefore, 
that some springs are dependent in some way upon ratnTall. The 
rain-water absorbed by the earth sinks until an impermeabie 
stratum is reached. It accumulates above this stratum and 
saturates the rocks above it to a height which increases with (he 
amount of rainfall. If the strata are inclined, as in Fig. i6S, 
the water slowly moves down the slope and reaches the surface 
through an outlet on the side of a hill or valley where the two 
kinds of roc!'; meet. 

Artesian ^Vells. — In tiie French province of Artois, some 
years ago, it was found that, by boring to a considerable depth in 
the ground, water rose out of the bore hole with great force after 
a certain depth had been reached. To understand the cause of 
this, consider the diagrammatic section across London shown in 
Fig, 169. Resting upon beds known as the upper and lower chalk, 
we have mostly impermeable or impervious clays. Where the 
edges of the strata reach the ground are called outcrops. Thus the 
upper chaJk in the figure; is shown to have outcrops at A and B. 




Fig. 169. Artesian Wells. C and C indicate tbe booEgs ioXo the upper 
Aod lower chalk (eSpeclively. 

The water that falls on the surface at A and B will sink through 
the permeable stratum and, following the natural slope of th~ 
ground, will finally collect in the hollow of the basin and be under 
hydrostatic pressure due to the height of the water in the strata. 
If now a hole be made at C, the water, in trying to regain its 
level, will spurt out with a force dependent upon its level, the 
strata, and the point where the hole is made. The depth of 
the bore varies in different localities, and the water often 
comes from a distance of 60 or 70 miles. Such supplies of 
water are called Artesian wdls, from the name of the town 
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where this method of boring was first used. There aje hundreds 
of such wells now in existence. The increase in liie number of 
deep wells sunk tnlo the chalk by private individuals and others 
has caused a gradual lowering of water in this stratum, and it is 
now necessary to sink through the lower chalk until a water- 
bearing stratum is reached below it. The fountains in Trafalgar 
Square are fed by a boring which has a depth of 250 feet to the 
chalk and a depth of 135 feet in it. These depths are not, 
however, nearly so great as some in other localities, for at Greaelle: 
one has been sunk to a depth pf 1,800 feet, and delivers 650 
gallons of water every minute. 

The supply of water to the metropolis is derived from 
the Rivers Thames and Lea, from Chadwell Springs m the Lea 
Valley, and from deep wells in the chalk formation. The accom- 
panying illustration CFig- 170) shows the average daily supply 
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from each of ihcse aoiirres, and it will be seen that springs and 
wflls Turnish a comparatively large amount of water. At one 
lime the Kent Water Company derived about four million gallons 
uf watt-r daily from arlesbn wells. During the year 1S90 this 
conipaiiy abstracttd from the chalk 4,525 million gallons, and the 
daily supply, during a part of January, 1891, reached 17 million 
gallons. 

The Temperatures of Springs. — Variations in the tera- 
perature ol" ihe air only affect the soil and the rocks under it to a 
certain dtpth, which dtpth, however, must be very different in 
summer from what it is in winter, and very different in different 
parts of the earth, Beyond this depth of &om 50 to ioo feet, Ihe 
temperature is the same all the year round, and in our part of the 
globe is nearly equal to the mean annual temperature, At still 
fe'reater depths the temperature is higher on account of the heated 
mteHor of the earth, and increases about one degree for every 
60 feet of descent. Now since the water of a. spring assumes the 
temperature of the rocks through which it percolates, a mere 
surface spring has a much different temperature in summer and 
m -winter, H, however, a spring sinks to a moderate depth it has 
an almost constant lemperattire, only a small variation being 
caused as llie water rises to the surface. Hence, by determining 
the temperature of springs, we may get a good approximation to 
the letnpsratufe of the rocks in which they occur ; that is, we may 
get to know somiihiny of the temperature of tht earth's interior. 

The mineral substances in spring water consist chiefly 
01 sulphates, carbonates, chlorides, sulphides and silicates of mag- 
Besmm, calcium, potassium, sodium, manganese and iron. Some 
held in solution by means of the carbon dioxide dissolved in 
tne water. When some salt occurs in a relatively large proportion 
•^e giit what are termed ' mineral' waters. The old sulphur well 
t Harrogate contains more than 1,000 grains of saline matter 
Cr gallon, Springs containing a compound of iron dissolved in 
them are termed /erniginoies or chalybeati springs; those contain- 
'ng much carbonate of lime are called calcareous, whilst brine 
springs contain a large proportion of common salt. 

The gases dissolved in spring water are chiefly nitrogen, 
Oxygen, and carbon dioxide. Sulphur springs, like those at Har- 
rogate, contain the disagreeable gas called sulphuretted hydrogen 
in solution. 

The deposits of springs vary in character according to the 
ture ol the dissulved mat^iial. Springs impregnated with 



SPRINGS, RIVERS, GLACIERS AND LAKES. 



347 



sul]iliuTelted hydrogen frequently deposit sulphur, and calcareous 
Springs deposit travertine. The petrifying springs, which are 
popularly supposed to turn any object placed in them into Stone, 
are simply spnngs cont-aining a considerable amount of dissolved 
carbonates. Wheti a spring so constituted issues into the air, 
carbonate of lime is deposited on every object over which it 
passes, owing to a loss of carbonic acid gas by the water; an 
object such as a bird's nest, or a basket, left in the spray of such 
a spring soon gets coated with an incrustation of carbonate of 
lime, and is said to be jietrilied or turned into stone, althougli 
in reality it is only covered wit^i a thin film. 

Siliceous springs deposit sinter. The geysers and Hot springs 
of Yellowstone Park, in the Rocky Mountains, bring up enormous 
quantities of dissolved silica. It will be remembered, however, 
that pure water does not djfisclve siligji to any appreciable amount, 
although it is able to do so when alkaline. The highly heated 
water probably becomes alkaline in cK'jracter by the decom- 
position of felspar and igneous rocks containing soda or potash, 
and is thus abte to hold the silica in solution. The silica is then 
deposited around the opening out of wiiich the geyser tir hot 
spring rises. Recently, however, evidence has been brought 
forward which indicates that the silica is really secreted by algae 
capnble of living in hot water, and then deposited when the 
organism dies. Some terraces formed by deposits of sinter arc- 
shown in Fig. xt%. 

Rivers. — A few definitions relating to rivers will now be given, 
the [iroper treatment of which belongs more to Geography than 
Physiography. Dr. Haughton has remarked that a river is;- — ■ 

' The sur|)lu5 of rainfall over evaporation, seekiing its way down 
to the sea level by the f'olh of least resistance, \v3iich is the i^ath of. 
gr,-etlfst slii^e or valley line. 

' Each river drains an area called rain-basin, and the boundary 
lines of the rain-basins are called water-shids, or lines of least- 
slopf, or r!dg(-iints? 

The Source vr Rise of a river is its highest, or longest, or most 
importnnt water s\ip]ily. 

The Bed or Channel of a River is the hollow which it has 
scooped out in the land. 

The Banhs of a Jiivtt- art Ihii margins of the channel in whifh 
it flows. On followmg a river towards the mouth, the ri'^he Imiik 
15 that on the right hand, and ih^lc/! bunk is that on the left hand. 

Ah Affluent or Triiiulary Stream is one that flows into a laiget 
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one. The point where the junctipa tates place is calleij their 
Conflmmt. 

The Aloutk of a River is where the water is discharged into a 
lake, esLuary, or sea. 

The sub&tances dissolved in Rivers. — River waters always 
contain more suspended mailer than spring ■water, and tend lo 
throw the dissolved carbonates out of solution on account of the 
diffusion of the carhoii dioxide. The compara.tive composition of 
the Thames and Trent waters, represented by the jiumber of 
grains per gallon of matter in solution, is shown in the following 
table ;— 





Thames. 


Treiil. 


Carbonate of Lime 






Sulphate „ 


3-00 


21-53 


Carbonate of Magnesium 


raS 


g-65 


Chloride of Sodium 


I -So 


1 7 '63 


Silica 


0-56 




Organic Matter ,,, 


2-36 


3'68 




19-77 


49 5 ^5 



Periodic Fluctuations of the Volume of Rivers.— The 

facts that brooks dry up, rivers diminish in volume, springs cease 
during a drought, and that sudden and continuous rainfall causes 
rivers to become swollen ami sometimes overflow their banks, 
prove very conchisivelj- that all such volumes of water are very 
dependentupon the precipitation of moisture ftom the atmosphere. 
In those countries where regular seasons of wet and dry weather 
occur, the springs, brooks, and ri^-ers periodically rise and fall. 
The volume of all large streams fluctuates with the season; in 
some streanns, however, the chang:e is much more noticeable than 
in others, This periodic nse and fall is well marked in the case 
of the Nile aiid Ganrres. The former river shows a sensible rise 
at Cairo atout the beginning of July, which continues Until the end 
of SeiJtember, when a- maximum of from 20 to 30 feet above the 
June level is reached. A constant level is maintained for about 
a fortnight, then the level decreases ; on November lotb half the 
maximum heiglit is reached, and at the end of November the true 
inundation has ceased. This rise and fal! occurs with perfect 
regularity every year, and was a subject of much discussion with 
the ancients, who thought it was caused by tlie melting of snows. 
This theory is correct to a certain extent, but the true cause is that 
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the high and rocky table land of Abyssinia is visited byheavyrams 
during the months of March and April ; these rains create torrents 
of water in the numerous mountain gorges, which rush down and 
swell the Blue Nile. The periodicity of the rainfall thus causes 
the regular rise and fall of the river. 

The Garges rises from May till September, owing to the melting 
of snow on the Himalaj'as, and the occurrence of the wet monsoon. 
Similarly, the Rhine and the Khone, whose sources are the snows 
and glaciers of the Alps, increase considerably in volume during 
the summer and shrink during the cold and often wet months of 
the year. 

Glaciers are rivers of ice draining a tract above the limit oM 
perpetual snow, and removing the superabundant snow to regions j 
below this limit. This formation is more fully defined as being a j 
solid mass of frozen water, the tipper part of which is loose snow,, 
the middle semi-consolidated ice, and the lower of ice, properlyi 
go-caUed, which mass is either contained in a single mountain 
valley, or formed of seversl converging portions, filling several I 
radiating subsidiary valleys, and uniting in one mass in. the main > 
depression. 

During the summer some of the snow is melted, the wateij 
formed trickles down through the mass and gets frozen on to the] 
granules which it meets colder than itself By this process, 
assisted by the consolidating influence of pressure, there is formed 
a mass of white, opaque, frozen and consolidated, half snow, half 
ice, which the French call nev^, and the Germans firn. 

The Motion of Glaciers.— That the glacier really moves fa' 
capable of easy demonstration hy fixing a row of stakes or stones 
straight across it to some fiacd points on the banks. In a few days 

the row will have become 



curved, and all the Stakes or 
Stones will he found to be 
lower down when observed 
with respect to the bank. 
(Fig. 171.) The velocity of a 
river is always greatest in the 
middle, and least at the sides 
and bottom, owing to friction ; 
for the snme reason a glacier 
moves fastest at the centre and slowest at the sides and 
bottom, the result being that the row of stakes or stones laid 
down to investigate the motion becomes ctirved. The rate of 



Fie. 171. A, a Btrai^ht low of staltes 
[■.id a.croa5 a GlacieT ; B, the same 
stakes a. few days later. 
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motion depends to a slight extent upon the slope of the valley 
down vrliich a glacier is travelling. It also depends on ihe pressure 
of the rear portion, and therefore on the amount of snow-fall. 
The large glacier of Cliamouni, called the Mer de Glace," moves 
on the average about 24 inches in the centre for about r6 inches 
at the sides during 14 hours. The Greenland glaciers move much 
faster than this, the Muir Glacier, in Alaska, entering the sea in 
summer at the rate of 70 feet a. day in the centre, and 10 feet in 
the margins. The rate of movement of allglaciers is least in the 
winter. 

The formation of Crevasses in Glaciers.— Whi^n a river 
experiences a sudden fall the mobility of the water allows it to 
How over in on unbroken stream as a water-fall. When there is 
a sudden fall in the level of the valley traversed by a glacier or 
ice-river an icc-fall is formed, but ice is not £0 mobile as water, 
hence this alteration in the level of the bed causes it to break up 
to a certain extent as it glides over, and crevasses are produced. 
Similarly, such splits are produced by the bending of a glacier 
from side to side, hence the surface of a glacier is rarely even, 
and wide chasms are often formed, which extend to the bottom. 

The reason why glaciers flow as If they were constituted 
of a yielding material has been a matter of much discussion. 
Professor Tyndall believes that the ice is continually being 
cracked and cemented together again by regclatlou. The balance 
of evidence, however, seems to prove that glacier ice is not a 
rigid body, bat a plastic one, and that it behaves like sealing-wax 
arid other similar substances which mould themselves in time to 
the surfaces on which tiiey lie, and maintain, meanwhile, the 
quality of excessive brittleness under a blow or rapid change of 
form, such as lead to the production of crevasses. 

The motion of a glacier is therefore due: (1) to the actual flow 
of its substance, which goes on continuously; (z) to a certain 
sliding over its bed ; and, {3) certain more sudden movements 
due to large masses cracking under great tension. The first is 
no doubt much die most important of these causes. 

All large bodies of water surrounded by land and 
not directly connected with the sea are called lakes. — 

When the slopes of a country are fairly uniform the surface waters 
are carried into seas and oceans by streams and rivers. But if an 
Unusual depression of the land surface occius, the waters 
-Tccuniulate in it and form lakes qr sometimes wet marshy ground 
called moiasses. An inspection of a map of the globe shows 
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that Inkes are most rmmerous in the north temperate zone ; in 
fact, the great lakes of North America, the Caspian Sea, Lake 
Aral, T,a.ke Balkash, and Lake Raikal in Asia, form a circle of 
enclosed collections of water. Many lakes lie in hollows scooped 
out of the solid rock. These usually occur in high latitudes, and 
there is evidence that they have been formed by glader action. 
The scratchings and general character of the adjacent rocks often 
demonstrate the movemerits of ice that must have occurred. 
It is doubtful, however, whether glaciers can scoop holes in solid 
rocks, and the more ])roba.ble supposition is that Juch rock, basins 
existed before the glacier movement and were filled with decom- 
posed rock material which was scooped out by the action of the , 
fflacier ice. Wheri a glacier retreats up the valley owing to a 
diminished 5iio«-rall and a ivarm season in the locality, a heap of 
stones and rubbish is left which dams up the valley so that the 
water from the melting ice forms a lak^: indeed, the lake of 
Geneva is largely fed by the melting of the ice of a glacien 
Other lakes are found, not in solid rock nor in a rocky valley, 
stopped up at the lower end, but lying among the rocks .ind 
earth once home on the sitrface of a glacier and deposited as 
the ice melted, 

Some lakes, like those in Central Italy, are found in volcanic 
districts, filling up the craters of extinct volcanoes or the openings 
that have been formed by eruptions. 

I^akes may thus be classified with respect to their occurrence 
as follows:— 

(r) Those occurring in hollows scooped out of solid rock. 
Those enclosed among heaps of glacier drift. 
In vast table-land depressions where there is a copious 

rain- fall. 
Along low and sandy sea-coasts. 

In craters of extinct volcanoes and cavitifis fbrmed by 
explosions. 

The waters of lakes. — When the waters of a lake rise, an 
outlet for the surplus water may or may not he found. In the 
latter case,, if the land surrounding the lake has little slope there 
will be a much greater area of water surface when the level of 
the lake is high than when it is low, hence there will be a much 
greater .amount of water lost iSy evaporation and this may equal 
the amount brought into the lake. When a lake having no outlet 
keeps at a constant level the evaporation from its surface equals 
the supply brought by the tributaries. If there is an excess 
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evaporation over supply owing to the exposure of a large water 
surface, this goes on until the lake has fallen to such a level 
that the evaporation ^^om its surface is equal to the supply of 
water. In the case of the Dead Sea this process has been 
carried so far that its level is 1,350 feet below the level of the 
Mediterranean, The Caspian Sea covers a surface larger than 
the British Isles, and its surface is 85 feet below sea-level. 

Lakes having an outlet contain fresh water, those 
having no outlet contain brackish water^— Now when a 
lake has an outlet, the water in it, like the water of its tributaries, 
is fcesh ; lakes having no outlet, however, contain salt, bitter water. 
The latter class of laies is supplied with water by the many stream? 
which run ihto them hot sends no rivers out. We know, from 
what h-is been previously said, thst all streams contain a certain 
amount of mineral matter; such dissolved matters are, therefore^ 
carried into lakes. If the lake has no outlet and the level of 
the water does not rise, we know that the surphis water is being 
carried off by evaporation into the atmosphere ; but water-vapour, 
be it formed by slow or rapid evaporation, is always pure, hence 
a Jake without an outlet is constantly losing pure water by 
evflpOTation and the dissolved salts are being; left behind. Such 
lakes, therefore, gradually get more salt and bitter, until — when 
the water has become saturated with any particular salt— the 
continuation of evaporation causes it to be deposited in a layer 
at the bottom of the lake. 

Some examples of salt water lakes and seas of the 

character described are the Caspian Sea, Dead Sea, the Sea of 
Aral and the Great Salt Lake in North America. A pound of 
water taken from the Dead Sea and carefully evaporated would 
leave behind a quarter of a pound of solid matter, which fs about 
seven limes the amount that would be found in ordinary sea 
water; of this about 35 per cent, would be common salt, and 
about 75 per cent, chlorides and sulphates of calcium and 
magnesium. A pound of water frona the Great Salt I.^ike would 
On evaporation be found to leave nearly 2^ ounces of solid 
matter, 79 per cent, of which would consist of common salt, about 
10 per cent, chlorides and sulphates of calcium and mag^nesiura, 
and the remaining it per cent, would be made up of various 
Other substances. (Figs, 172 and 173.) 

In the case of ordinary river water and the water of such 
lakes as J^ake Superior and I^ke Michigan in North America, 
ij&e proportion that common salt beats to the X^Aai 4a^iQVie.i ?»V\ds 
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is only a little over 3 per cent., carbonates of calcium and 
magnesiuin about 70 per cent., and vaiiou3 other substances 
make up the remaining' 27 per cent. 
From a. comparison cf these facts, 
therefore, it appears that chlorides 
and sulphates of calcium and magne- 
sium form the largest proportion of 
the ininer.ll niKtter in so-called salt 
water lakes and seas, and carbonates 
of these dements occur in the greatest 
proportion in the average fresh water 
lakes. 

Solid matter is deposited in 
lakes owing to the checking^ of 
the current of their tributaries. 

-=It is evident, therefore, that the 
bottom of" all lakes must be rising, 
and that all such bodies of -water 
must get filled up and form rich 
afbivial plains or lake-lands. An 
esaniination of the course of a river 
■would show that in places it runs 
across plains of alluvial land that 
have become covered with grass and 
converted into green meadows. The hollows doubtless represent 
wider parts of the track in which the river once flowed ; as the 
moving water spread out over the larger area its velocity was 
decreased and sediment was deposited, the result being that the 
hollow was gradually transformed into an alluvial plain traversed 
bj' a river of the ordinary form. 

A lake acts as a preventive of floods. — The water 
from the tributary streams spreads out over such a large area 
that even when the supply is enormously increased the effect on 
the out-flowing river is not great. The presence of large sheets 
of water also sen-es to equalise the temperature during the 
different seasons of the year. In the summer the water does not 
get hot so quickly as (he land, and in the winter it does not lose 
its heat so readily, so that it cools the air in summer and warms it 
in winter. In fact, it has been calculated that during five cold 
nights of December, 1879, the Lake of Geneva gave out to the 
atmosphere .is much heat as would have 'resulted fronn bwR\v^^ 
1,300,000 tons of coal. 



Composition by weight of 
water from the 



Ceac? Sea, 




Fig, 17a. 



Great SaJt 




Fig. '73- 



A, wplw ! B, clilorides and 
Eu1phn.ic.s of cnicium and 
magncsivim ; C, common 
salt J D, vflrioiis Bslts. 
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QUESTIONS ON CHAPTER XlX. 

1. How do the naters of spiings, rivera, and the sea differ from pan 
\Kiter? (i8S6.) 

2. In wlipl respccta dees tlic water of thfl seas differ from that of rivers mid 
lakes? (13^30 

3. How btts it been proved that glaciers Tncive, and wliat facls do ^ou know 
of glacier movement? (18S2,) 

4. What IE meant by the snow-line? Why is tTie snow-line sometimes 
ItigliiT on one siilc of a mountain i?haiu than on the cilliecf (187 7. J 

5. DescribB llie prlncipli; of Artesian ipells, 

6. What 15 a sn-rallcij ptLrifyiiig spring? What is sinler? Hoiv h it t 
the water nf eerlain hot springs is abli! to linid silica in solution ? 

J. What do yoii know of the periodic rise and fall of the Nile, and i 
cause? 

8. How may lakes be clasfiilieJ aRrording to iheir moile of occurrence 
Vitiy do lakes having tio outlbC always contain brackish water? 



CHAPTER XX. 

AGENTS WHICH PRODUCE CHANGES IN THE 
FORM OF THE EARTH'S CRUST. 

The nature of soil varies considerably. — This is easil 
seea by examining; the layers of soil beneath the superlid 
covering of vegetation in difierent places. In some rases the soil 
or ground as it is commonly calleiJ, is of a stiff clayey nature an 
ditlicuU lo work, in others it is full of sand or gravel, so that only 
hardy varieties of plants will flourish upon it ; or it is calcareous, 
that is, contains a large proportion of crirbonate of lime. A large 
qaanlky of humus, or vegetablt: mould, occurs mixed with the 
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P^sand or day and forms material essential for the growth of most 
' plants. When this ingredient is exhausted by numerous cultivations 
[ of crops the soil has to be fertilised by manures. It appears 

probable, however, that humus must be regarded as a consequence 

rather than a cause of fertility. 

Soil consists mainly of fragments of racks,— When the 
! decayed organic matter is removed from soil, that which remains 
is seen to be particles evidently produced by the brealting 
up of rocks. In general the grains have been derived from the 
rocks of the dihlrict in which they occur, nml, if a pit be duy, largo 
fragments of tho s^ime material would be reauhed a few feet below 
the surface. This is known as the ' subsoil' Some of the roots 
of large plants may penetrate down so far, but they are mnslly 

contained in the layer of soil 
above it, (Fig. 1 74.) 

Beneath the subsoil is 
fontjd the solid rock. This 
gradual increase in size of 
fragments having the same 
constitution from the soil 
downwards indicates that the 
tmderlying rock has decom- 
posed and riirnished the 
materials of the subsoil and 
soil alJOVii it. Hence, in 
such cases, the character of 
a soil, and, therefore, that 
of the vegetation which best 
grows upon it, varies with 
the nature of the rock from 
which it has been produced. 
Some soils, however, have drifted from the place in which they 
were formed and overlie rocks which have a diifereiit constitution. 
Numerous agencies bring about if ; disintegration of rocks. Tliey 
are change of temperature, the atmosphere, the ocean, and 
ffunning water. And, finally, earthworms and the growth of plants 
esert forces which cause considerable changes to take place. 

The forces which tend to produce changes in the 
earth's crust are divided as follows ; — 

(i) Atmcspluric. The wearing away of rocks by the iiction 
of the air, winds, solar heat, snow, frosts, and vet. 



ij, beds 



Formation of Snil ; 
of rock tilled on end; h, the same 
broken up by the pentliallon of Irtre 
anil other roots; c, moulil fnrmeJ \iy 
this 131,1 terial diainlcgratetl liy tliG 

weatlipr niid by mixture with decayed 
vegctatian. 
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(a) Aqmmt. Rain, springs, rivers, waves, tides, and ocean 
currents. 

(3) Organic. Arising from plant and animal growth, such as 

peat-mosses, jungle and swEiinp growth, eaith-womis, 
coral reefs, and foraminiferal accumulations. 

(4) Igneous. Arising from internal forces and causing 

volcanic eruptions, earthquakes, and slow movements of 
uplieaval and depression. 

By the chemical and mechanical action of the external forces 
rocks are broken or crumbled into powder or debris, the process 
being known as disintegration. Transport is the word used to 
express tlie carrying away of disintegrated materials. Dhin- 
tegration and transport constitute erosion. The result of erosion 
is termed denudation. Suh-aerial denndation is produced by 
atmospheric action, and therefore pluvial demidaCion, ot that 
brouglit about by rain, comes under this head. It also includes 
fluviatih denudation by rivers. Marim denudation is produced 
by the action of the sea, and glacial denudation hy that of ice. 

The chief agency causing disintegration of rocks is 
solar heat. — Rocks expand with heat and conlract when the 
teraperature is lowered. The consequence of tliese alternate 
expansions and contractions is that numerous cracks are produced, 
and fragments loosened, Livingstone recorded that at a place 
tj" south of the Equator the range of temperature in 24 hours 
was 127" F., which occasionally caused pieces of rock weighing 
from a few ounces up to 200 lbs. to break away from the main 
mass. And it has been found impossible to cement together 
greater lengths of stone than 5 feet so as to render the joials 
water-tight in a place where the range exceeds go" F. in 
24 hours, The effects of great range of temperature are of 
course most clearly seen in tropical countries, where the rocks are 
extremely hot by day, whilst at night the radiation from their 
surface is often so rapid that Bometimes water placed upon them 
in a shallow vessel is frozen. 

Water is a great agent of disintegration.— It acts 

both mechanically and clieinica.lly. When water sink? int~ 
rocks resting upon a layer of clay or similar material an enormous 
pressure may be produced depending on the height at which 
the level of the wa^er in the fissures is abwe the clay. 
But the freezing of water ptoduces^ iVe gtea-test mfeciimi.cal eff 
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It has been shown in Chapter IV. that w^ter expands when it 
freezes. Hence, when water which has percolated through roclcs 
and filled up cracks and crevices is reduced to the freezing point 
it expands and pushes aside and breaks up the rock. This action 
is especial])' noticeable in mountain ranges, where large quantities 
of angular fragments are fractured everj' winter. And the effects 
on a small scale^ although not so readily noticeable, are more 
e?:tensLve. W.iter acts chemically in the disintegration of rocks by 
forming hj'drated oxides, silicates, &,c., which take up a greater or 
smaller amount of room than the original compounds. It is also 
a powerful solvent and so dissolves away many rocks. The 
fragments that get broken ofl' by any such action accumulate 
at the place of fomiation. If this be a cliff, the accumulation of 
■ detritus at the base is known as a ' talus.' A fine example of a 




Fig. r;5, A ruloa. (Fi-om a Phctograph bji Wilson oj A1)tT4«w-^ 
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forraatioa of tliis character is shown in Fig. 175, Si-milar accu- 
mulations cMending down a slo^ie instead of along the base of a 
cliif are known as 'screes.' 

Wind assists in the breaking up of rocks by causing 
particles of sand to impinge u]ion Lhem, In ctrLam places the 
lighthouses are only niiiiniained with difTiculty, as the whole of 
the glass is roughened by the wind rlriving particles against it. 
This fact is now utilized in the arts. A jet of steam and quarts 
or emery particles is made to impinj;e on gla.ss covered in, some 
[larls and bare in others. The result is that the bare parts get a 
frosted appearance, whilst those that are covered remain unallwed, 
ind so a sort of stencil pattern is produced. Sand j>articli?s so 
used, whether naluially or artificiall)', become perfectly rounded 
and polished. 

The action of rain is strikinjrly seen in Tyrol, where there 
are nunneroiis pillars of clay, eadi capjied by pieces of hard rock 
as in Fig, 176. The blocks of btone unce existed rnixed with clay 




Fig. 176. Earlh Pillar! or PyrHTnlils m tliu valley of Lhc Finsterbach, 

Dtic hultea, South T^ioL 
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and earth in a valley. Rain has gradually worn away much of the 
oricrinal mass, but the portions under ihc blocks being protected 
from this action, more or less conical 'earth pillars' have been 
formed, some of which' occasionally reach a heiyhC of 100 ieet, 
ir [he surmounting piece of rock be removed by any means, the 
earlh pillar soon crumbles away. 

River- Valleys. — Brooks, streams, and rivers are constantly 
eroding ihe land over which they flow, and 50 cutting out 
valleys. The averag;e rate at which rivers lower their basins is 
I fool in 3,000 years, and if this rate be maintained, and the 
average height of the land above sea-level be taken as 1,000 feet, 
then the present dry land surface of our globe will be totally 
removed in 3,000,000 years. In the neighbourhood of mountain 
chains the rain that fails creates torrents of water, which ftowing 
down the sides scoo)) out valleys transverse to the direction of the 
chain. These are termed Trann'erse or Primary valleys. All 
such torrents flow towards valleys more or less parallel with tlie 
chain and termed Lon^itudmal or Secondary, and act as feeders to 
main streams, hence, generally speaking, a longitudinal valley h;is 
not such a great slope as a transverse one. 

The Primary valleys being due in the first instance to iKe 
comparative steepness of the slopes of the original Hanks of the 
mounla-in chain, cut direclly across all bands of rock tlint run 
parallel to the length of the chain, independently of iheir 
hardness or softness, Where a hard rock is crossed, the sides of 
the valley are more precipitous llian in ihe case of soft ones. For 
the softer and more easily eroded banks of the stream tecul to 
slide down the slopes and consequently to widen the valley. The 
longitudinal valleys originate in soft or more easily destructible 
b.T.nds of rock, and are therefore wider and more regular than the 
transverse ones. 

A good example of ck river valley may be seen at Bristol. At 
one time there was a gradual slope towards the west of a pLitcau 
known as Clifton and Durdham Downs. The young Avon tlien 
(lowed in a minor inequality of the surface towards the Severn on 
the west and coiuioually deepened its channel, the result being 
that now the Avon flows in a gorge more than two hundred feet 
below (be level of the land on ehEier side. 

Canons— In regions where the rainfall is sh'ght, a very Steep 
gorge may be formed by the action of running water. The moat 
woudeiful instances of this kind of erosion ere found along Ihe 
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This kind of excavation must go on in every rase where water 
falls over a precipice, and althoug^h the cataract ma)- appear lo 
occupy the same place from year to year it is slowly creeping up 
stream and carving out a ravine as it does SO. From A CO-mparisOn 
of the results as to tlie position of the Niagara Falls made in 1 842 
with some observations made in 1890, it has been found that 




ftg'. 1 791. Eiample of River Erosion. The gaige A B )ia.5 been 
worn away by the river. 

the annual recession at the American Fall is 7"lSS inches, and at 
the Canadian or Horse Shoe Fall, j feet a*i6 inches. During 
the period of 48 years the area of rock which has been worn 
away Is 32J900 square feet at the American, and 075,400 square 
feet at the Canadian, Fall. 

Marine Denudation has been referred to on p. 263. The 
methods by which the sea coast is w.isted away by breakers can 
te summed up under the following heads : — 

(1) By the energy of the advandr<; mass of water, 
(i) By dashing the pebbles and shingle against the cliffs, 
(j) water filling the fissures and joints of the rocks and 
bein^ driven in with great force by the waves and 
expelled with nearly equal force. 
(4) By solution. 
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Along most of our coasts the sub-aerial agencies work quiclser 
than the waves, and consequtntly the cliffs slopi; backwards from 
the shore, the s-ea being chiefly occupied in breaking up and 
washing away the fragments from the clifTs, thus leaving fresh 
surfaces exposed to the attacks of atmospheric erosion. This is 




Fig, 180. Island of Boterray, St Kilda. 
IHustration of aerial and iiiarinc denudation. The former haa been the moat 
acl ive, even thoagh the cotk is ei£p03<d to the full forte of tht Atkntit. 
{Fram a Phalograph hy Ifiltm of Alitrdecn.) 

oflen very noticeable, as is shown in Fig. iSo, which represents 
the Island of Eorerray, St. Kilda. The sub-aerial denudation has 
evidently been more active than the marine, even though the 
island i.'; exposed to the full force of Atlantic breakers. 

Changes produced by Organisms. — The living things 
upon the earth are divided into two great groLps, viz., plants 
and animals. It is found that plants absorb carbon dioxide, 
hydrogen, nitrogen, and oxygen from the air and transform them 
into the complex substances necessary to sup[)orl life. Animals 
have not this power of manufacturing organic compounds from 
inorganic substances, but live by feeding upon plants and upon 
one anollier. Planis obtain a great amount of the necessary 
nitrogen from the soil, for they will not grow so well in soils free 
from nitrogenous matter. Both plants and animals return to 
the atmosphere the maieiials of which ihey are cooiQosed, 
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in the font! of water, carbon dioxide, oxygen, &c. Carbon, wMch, 
in the case of plants, arises from the decomposition of carbon 
dioxide, is not so returned, however, but is eventually buried and 
so accumiilales in the crust of the earth, It is by the gradual 
loss of hydrogen, oxygen, and nitrogen, thai we get mosses passing 
into peat, peat into lignite, and so on into coal and graphite. 

The building of banks along the sea shore, and the cutting of 
embankments and canals are some of the results of human agency, 
but they are insignificant when compared with those produced by 
the lower organisms. Some of the work of disintegration by 
plant growth is due to the thrusting down of the roots into rocks. 

In addition to this mechanical action, plants act chemically by 
the a-hsorption of mineral substances from the rocks a-nd by the 
production of certain acids. Certnin animals do a great deal 
of work by boring into rocks. Earthworms eat soil for the sake 
of its nutriment, and reject the inorganic and useless portions 
in the form of casts, Charles Darwin found that in many 
parts of England a weight of more than lo tons of dry earth 
iinnually passes through the bodies of these lowly organisms 
and Is brought lo the surface in each acre of land, so that the 
wliole superficial bed of vegetable mould passes through their 
bodies in thu course of every few years. And not only are soils 
moved in this manner, for it has been found that, over an acre, 
nearly 2,000 tons of sane] were brought up by lobworms in the 
course of a year and deposited at tlie surface, Fresh sand was thus 
coniinually being introduced to the action of the waves and wind. 

Mention has already been made (p. 198) of the accumulations 
due to corals and furaminifera, This is the most important action 
of organisms, but material is also sometimes transported by them. 

The transport of detritus goes on simultaneously witii the 
disintegration. One of the agents producing it is gravitation. 
Landslips are caused by the sliding down of masses of rock 
resting on inclined strata, and the mcivt-ment is produced by 
the action of gravity. Previous to a l.-indslip the ground is 
loosened by one or more of the following means:— (i) frost, 
(a) Che percolation and accumulation of water, (3) the weathering 
.nrtion of wind and r.iin, and (4) ejirthquakes. Continuous winds 
are great agents of transpott. Along some flat portions of coast 
lines the sand is blown inlimd, and forms the undulating hillocks, 
termed 'sand-dunes,' such as those of Carmarthen and the West 
Coast of France. Fine dust, sud\ as that which results from 
volcanic cxpJoslona, lb often carried ve'r^ S\5\.'i'cvcft.'o\ii -w^aia. 
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The Transport of Detritus by Moving Water.— Rain 
washes particles of soil downwards; indeed, this action is some- 
times so great on the side of a hill that tlie soil is only pre- 
vented from being washed away altogelher by malting terraces. 
Rivera do tratisporting work by ear/ying down to the sea materials 
dissolved in the water, or suspended in it, or by rolling fragments 
along its bed. The Thames carries past Kingston about Ij52o 
tons of dissolved and, therefore, invisible mineral matter evevy 
day. About i,ooo tons of this is carbonate of lime, derived 
chiefly from the Colswold Hills, and about 250 tons is suljihate of 
linie (gypsum). Besides this, there is a large quantity of matter 
held in suspension. It is the suspension of solid particles that 
gives colour to the water of rivers, the colour being dependent 
upon the nature of the rocks in the course. As the solid particles 
are hurried down stream they are reduced to fine sand or mud, 
atid the channel is constantly being enlarged ; sometimes the 
suspended material is caught in eddies and wliirled roLmd to 
form what are known as pat-/ioks in the bed. The Mississippi 
carries down to the Gulf of" Mexico nearly 1,000,000 tons of soh'd 
mslter in suspension evL=ry day, and besides the suspended matter, 
it is estimated that 75,000,000 cubic feet of earth, sand, and gravel 
are pushed along the bottom into the Gulf of Mesico every year, 
whilst these amounts are considerably increased during Hoods. 
The Ganges carries about 335,000,000 tons of mud past Ghazipur 
during the four rainy mouths, which amount is on the average 
of the weight of the average water dischargt: for the same 
period. 

The conditions favourable to the carrying" of sediment 
by running: water may be summed up as follows 

(i.) Size and shape of particles. The smaller particles will 
be carried must easily and farthest. 

(i.) Specific gravity of the particles. Tho liglituKt will be 
carried farthest. 

(3.) Slope of the river bed. This affecls the velof ity of the 
current, and as the carr)'ing power of water varies as the 
sixth |)ower of the velocity, 11 stream which llun's down 
a highly inclined bed carries down much nioro sediment 
than one which flows through a flat country. With 
double the velocity the carrjing power is 64 times aa 
great, with treble the ^eVociv^ -\i<^ V\to«», 
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(4.) The curvature of the course. The velocity of a river is 
checked by the curvatures, and hence tlie power of 
carrying sediment diminished. 

(5.) The nature of the bed, i,e., its hardness or softness, 

roughness, &c. 

The Lowering of River Basins. — Since the sohd matter 
carried ilito the sea by rivers represents the amount obtained ironi 
the whole area drained by the river, it is possible tt> calculate the 
amount the general surface of the land has been lowered to supply 
the material. 

At the present rate of denudation the Cotswoltl Htlls are having 
tlieir height lowered by about 76 feet in a million years. The 
rainfall of the U pper Ganges removes one foot from the whole 
surface of its rain-basin above Ghazipuc in about 1,150 years. 
The area of tiie basin of the Mississippi is 1,244,000 sqtiare miles, 
and it has heeai calculated that ' If the material brought down in 
suspension and solution in one year were spread over its basin it 
would cover it to a height of 4 idfi of a foot if retained in the soft 
form, or f^^^ of a foot if made into a sohd.' Hence the 
Mississippi lowers itsbasin by one foot in 4,s66years, The Rhone 
is esliCQated to remove one foot in 1,528 years, the Danube one 
foot in 6, Sao j'ears, and the Po one foot in 727 years. 

Transport of Detritus by Glaciers. — One or more 
continuoua lines of stones and earth occur along the middle of a 
glacier, and similar lines may also be seen at the sides. These 
represent work done by glaciers in the transportation of materials 
from a higher to a lower level. A river carries solid matter in 
suspension, a glacier carries downwards on its surface the debris 
which falls upon it. For weathering is constantly going on all 
along the sides of the rocky valleys traversed by rivers of water 
or rivers of ice; fragments of rock, therefore, are constantly 
being loosened and fail upon the sides of the glacier, forming 
lateral moraines which are borne down the valley. The transport 
of detritus by icebergs and the ice-foot has already been alluded 
to (p. 281). 

Moraines. — The lines of stones that run along the sides of 
a glacier are called lateral moraines, those that he along ilie 
centre are medial piorainis, and that deposited at the end i9 
called a terminal moraini. 

If a medial moraine be traced upwards it will be seen to be 
formed by tbe meeting of two of the lateral mcuines of sepaiAte 
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glaciers running into one. The mode of formation is shown in 
Fig. 181. The quantity of material upon a glacier is sometimes 
so great that the ice is completely covered, nevertheless the 
glacier continues on its downivard course. 

The rocks carried on the surface of a glacier, and those in the 
mass of ice itsell', aie carried downward until a point is reached 
wiiere the ice is continually being mdted. This point is not 
at the same height above sea level as the snow-hne ; but a. 
point is always reached by a glacier where it slowly melts away 




Fig, 181. Formation of Lateral and Medial Moraine:; 



into a Stream of muddy water. The milicy appearance of the 
water is due to the suspension in it of the particles formed 
by the grinding action against the surface of the glacier bed. 
A glacier thus becomes the source of a river and such a river 
will become more swollen in the aummt-r, when thiure is more of 
the glacier melted away, than in winter. As the ice melts, the 
material carried down by the glacier is deposited and forms 
a heap of stones and earth called a i;erminal moraine. (Fig. i8a.> 
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Terminal moraines may be formcti in ihe sea when a glacier 
ends theicr (jfc p. 2S1). These moraines, and also the material 
which iiccumulales in hollow |)ortions of tht glacier-valley, consist 
of a liinil of clay i-ont.iimng large blocks oF stone, the mixture 
bt:mg railed 'lloukler Clay.' 





Vig. 1S2. Ilu Ciive ot Un; tuil o! tiif Obtr GiiiiJfhralJ rilacifr. 
Wiitlh, aliful 30 ynid* i 4i5l3n'.e from the back lo ihe mouili, aLout 10 yanls. 
(//-(■«/ (7 P/iol.'jifafh liiJxH by Mr. W. Kiriimi, Sa/Umlier, iS'^i^ 

Glacial Striation. — In addition to the material transported 
downwards un ihu surface of a glarier, portions of rock liill into 
tri^v.isses and are carried in the ice, or reach the liottom of 
the glacier. Such fragments weilf;ed in the plicier share its 
nioliun, and, as they are tlray^'^ed along the sides and tjullora 
of the glai ier ht-d are scratched and ground up ns if inniimeralile 
^jiJfs ;ind ra^jw were at work upon it, all sharp comers are rubbed 
yiff'iinil Uia ViilL-y duwn wliic.h the ^flaciei- Hows gels more ur less 
TJiti sU'jationa or auatchings on.lVfc soiWv.e.cil'CcifcT'jck-flt 
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the sides and bottom of a glacier are therefore parallel and have 
a general direction down the Talley. (Fig. 183.) From this fart 
it is possible to recognise where glaciers have formerly existed, 
and the direction in which they moved; and the distribution of 
siLch striated and smoothed rocks in Northern Europe and North 




Fig. 1S3,- Ice-scratcliaJ (SlrialedJ Rocks. 

America show that these two parts of the earth have been under • 
moving sheets of Innd ice, the same as Greenland is to day. 
An ice-pclished block called an ' erratic,' 011 which glacit-r stria- 
lions are plainly visible, is shown in Fig. 1S4. This block, like 
the boulders in Fig. [85, has been catried by i glacier, and was 
deposited as the ice melted, 

Roches MotJtonn^es and Glacial Drift — A glacier 
retreats and gradually leaves baru the valley in which it moved, 
when the ice is melted quicker than il is iU[)plieil frciia the- snuw- 
field at the top. We may then see the eltects of the motion of 
the ^rl'icier upon the rocks in its bed. No angular masses of rock 
can be found, fi>r the grinding act ion previously referred to smoothes 
ind rounds them, so that they apijcar like the backs of a lot 
of sheep. Indeed such round -topped rocks ate kuQ-B-vv -as. 
rei/ies meutmnits (sheep rotks) . \^ ^l^s t^w.'ii^ '^'^ 'Ocsrk*^- 
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Fig. 1S4. Cumberland Stone, CiUloden Moor, Invtrneas-ahire, 
Ad Icc-poliaheJ ' Erratic.' {Frant a Phota^a^h by WHum of Abcrdeeiu'^ 




S\g, 1S5, BuuMcrs Icfi by the mdtkig c>f a glacier. 
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and similar striated rocJcs in the Lake district and Scotland 
that we know Britain was once coveted with ice. Besides 
the striated rocks that occur along the bottom and sides of 
the valley of an ancient glacier, all the material which was 
originally carried on the surface is deposited as the ice melts, 
and, as the g-Iacier gradually creeps up the valley, material 
called glacicil drift is distributed along the bottom. The masses 
of rock that fall upon the surface of a glacier are thus 
often transported to regions where none of the same character 
occurs. 

Rock Tables. — If a lump of ice be placed in one pan of a 

balance kept at the temperature of freezing water, and weights 
put in. the other pan so as exactly to keep it in equilibrium, 
after a time the pan of the balance which contains the weights 
will go down, thus indicating that 
the ice has lost in weight ; this is 
because some of it has evaporated^ 
In like manner all glaciers experi- 
ence a loss by evaporation from 
their surface, and this lowering of 
tJie surface is called the ablation 
cf the surf Oft, 

That the surface is constantly 
being lowered is made evident by 
the fact chat many large blocks of 
rocks are found [jerched upon a 
pedestal of ice, often ten or more 
feet high^ Some of these ' rock- 
labtes ' are shown in Fig, iS6, the ice has melted and 
evaporated all around the rock, but so much evaporati;On cannot 
go on under it, hence the rock grows up, as it were, out of the 
ice, although really it is the surface around the rock that sinks; 
after a time the pedestal becomes too slim to support the rock, 
which is therefore dropped upon the ice to again be raised up as 
formerly. 

The evidences of glaciation, which are preserved ibr a long 
period of time uuder suitable conditions, consist of, (i) smootlied 
and striated rock surfaces, if buried beneath fine sediment, (j) 
smoothed, faceted, and striated boulders, and (3) scitlered 
boulders or large rock fragments perched on the sides or summit 
of a mountain. (Fig. ^Sj.) 




Fig. 186. Rock-tnbl^ 
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Fig. 187. Perched BJotk, left by the aiclting of 1 Ckcier. 

Deposits in river beds.— When the bed of a river widens 
and ihe velocity of ihe currt-nl slackens, the solid partink'S can 
□o longer be litld in suspension, thus much of it is de|JOsited on 
ihe boltom of the river. Afier a river Im flooded and gone litjwn, 
the meadows and tlie Hotnl plain altogether art* Ii;Ft covered wilfi a 
laJ^■er of fine mud or sand. The matter thus deposited hy rivera 




Fig. 188. The Valley of a Rivet, i, i, 2, a, 3, 3, rcpres'.-iit river 
terraces at diHLrprit times. 



is tailed alltiiiititfi or alluvial deposifs. It is cviilt-nl that the 
heaviest substances suspended in the water will be the first 
deposited and that tlie lightpst .substances will be depj.isited on 
the top. Such successive depositions raise the level of the 
sutToiinding land, whiht the river rhaniiel is being deepened at 
the same time. The re«dl is, that a tiniL' comes when the llood 
of water cannot overllow the sides of (he rivur, so it eats into the 
soils bordering it. This goes on during itiiiny ^ears, the higher 
portions of the banlcs being carved out with each increase in 
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the volume of the water, and eventuallj- another flood plain is 
formed at a lower level than the first, and so on until a series of 
flood plains or river terraces. is formed. Tlipse terraces are, 
tlierefpre, made U|i of the mud, sand, and gravel depositeil by 
rivers. (V\g. 1S8,) The rormation may not be strikinglj' marked, 
but there is alwnys a gentle slope from the deep channel in which 

a river flows to high land on cither side. 





Fig. fK9> Conie-na-baich. Glencoe. Delta of a Utile stream iilUng up n )nke. 
The hnuse i.^ obviously dh the lifkn. (/Vewi a J'fwfagm^ Ay Wihim 
of Aberdeen^ 
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Deposits in lakes or lacustrine deposits.— The nvw 

Rhone enters the lake of Geneva as a swifi and tuibid stream and 
leaves it dear and transpareat, having deposited at the upper eod 
of the lakt soil brought from the Alpine ilopes. Similar depo«iJ3 
occur when any river runs into the still waters of any lake ; and 
the amount of deposit is, of course, greatest wheie the river meets 
the lake. At this point a kind of bar is formed which daily 
increases in size, and in time gets so high as to be above flood 
level. Ai the deposition goes gradually on, the creeps out 
into the lake. Fig. 1S9 shows the depositof a little stream, filling 
ap a lake in this manner. No better example of this action can 
be quoted than that of Port Valais, which once existed as a 
Roman port, but is now ahout two miles ftcan the edge of the 
lake of Geneva, the land between the port and the lake heing 
entirely alluvium and must liave been deposited during the last 
(,000 years. By^ the same kind of depdsiiion, lakes are constantly 
being filled up with fine sand and mud, and in the course of lime 
become marshy lands and ^Teen meadows. In feet, lakes and 
cataracts may be looked Lpon as accidental in a river system, for 
in the course of time the former becomes filled and the latter 
worn away. 

Deposits where riTcrs enter the sea.— In precisely the 
•ime way that sediment is deposited and a bamer raised where 
a river enters the still waters of a lake, a deposit occurs when a. 
river enters a sea or ocean where there is little or no current 
— a iar is formed. This deposit slowly rises to the surface of 
the water and becomes a tract of marshy land which in time 
ohBlTUCls and divides the river, causing it to enter the sea by two 
or more mouths instead of one. The river, instead of receiving 
tributaries, as heretofore, breaks up into many hranehesj a few 
only of which enter the sea. The point where the river is 
divided, marks the place where the deposit begins. Year by year 
more a^diment is deposited and mainly where the river dis- 
charges into the sea, so that there is a constant growing out of 
land into the gulf or bay into which the discharge takes place. 
A typical example of this kind of formation is aEforded by 
llie Nile. At one time, this river must have discharged itself 
into the Mediterranean at Cairo, which is now, however, a 
hundred miles from the coast, The deposit from the two main 
branches has formed a triangular area of land which has filled 
up the gulf into which the discharge fonnerly took place. 
The distance between the two mouths of the Nile at Rosetta 
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and Damietta is 96 miles. There are many other mouths, 
however (Fig, 190), and the whole sea front between them is 
about 300 miles. 

This triangular area of land ■which accumulates at the mouth 
of rivers is called a delta, because of its resemblance to the 
Greek letter Delta (A), The point where the deposit begins 
is called the head of the delta. The head of the delta of the 
Ganges is 200 ixiiks from the sea, and the area of the delta is 
about 8,000 square miles; these facts indicate that it is a very 




Fig. 190. The Delta of the MIe. 



old formation. According to Lyell, borings in the Nile delta 
show that sand and alluvium continue to the depth of 
lao feet below the surface, and then beds of gravel, pebbles, and 
other racks occur, and at Calcutta, a boring of nearly 500 feet 
bas been made without reaching the bottom of the alluvial 
deposit, consisting of sanci, clay, gravel, and Some layers of 
vegetation. The delta pf the Brahmaputra river Joins that of 
the Ganges, and there is a distance of about aoo miles along 
the sea coast between the mouths of the main branches of 
these rivers. 
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In the case of ihe Mississippi, the delta has long filled up 
the bay where llie deposit first began, and long tongues of land 
are now being sent out far into the Gulf of Mexico. The 
inrrease nf the delta of the Pn is so considerable that Adria, 
ivliiirh was once a port on this river, fa now 14 miles from 
tlie mouth. 

The conditions favourable to the formation of a Delta 

at the mouih of a river are : — 

(t.) The water into which the river enters must be free 

from curtenls and great tidal action. 
(2.) The velocity of the river must not be sufficient to 

carry it far out to sea. 
(3,) A sheltered coast, 

Itiotlier words, wlien the material is brought down quicker than 
it is cartied away, a delta is formed. Where there is a great scour 
an esluary is produced, These facts explain why deltas are 
common in land-locked seas, as the Mediterranean and the 
Culf of Mexico, where there Is little tidal effect. Such a river as 
the Amazon forms no delta, although it must deposit a considerable 
amount of matter in the sea. The solid matter is carried so 
far out into the sea by the lighter fresh water that no sediment 
occurs at the river's mouth. It is said that the waters of this 
river can be distinguished 300 miles from its mouth on account of 
the suspended matter. 

The action of internal forces in modifying the earth's 
crust is very great. There js reason to believe that there 
have always been atout the same relative quantities of land 
and water as now exist, and since it has been shown that all land 
above sea-level would be washed away by river action in 
3,000,000 yea.rs, some internal forces must be in action to 
preserve the ratio. We have already alluded to some effects of 
these forces. They are the slow movements of upheaval and 
depression, volcanic eruptions, earthquakes, and the evidence of 
subsidence afforded hy coral reefs. To sum up then, we have 
two. opposing sets of forces, one consisting of internal forces 
tending to raise portions of the earth's crust, the other being 
represented by external forces (denudation) and internal forces 
producing subsidence. The fact that the amoiml of land above 
sea-level remains practically constant shows that the work done 
b/ one set of forces is eqtial to tha.t Aofte "^■j 'Oti^ li^tv^ ■•, Vi^iace we 
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are led to conclude that although the external forces producing 
changes in the crust are numerous and powerful the work done 
hy internal forces is far greater. 



QUESTIONS ON CHAPTER XX. 

I. Eiplain llie nn-'chanical action of water, when frozen, in aflcEtiag tlie 
disintegration of rocks. [iSSS.) 

a. Eiplain how glacicirs and tivera respective]/ carry materiala from high 
grounds to lower ones. (1887.) 

3. Eiplnio Lhc action o( host in breaking up rock masses. Where does this 
kind of action go on most lapidJy ? (i3H6.) 

4. What are deltas, and how are they fctmcd ? (1^85.) 

5. How (in you prove that tha waters of a. river remove materials in a. state 
of solution from the land, and how CM the q.ufl.a[ity of materials so removed 
be csiimated? (1883.) 

6. Describe the jihenomena known as rcckes mcutortttJes, mnd explain how 
they are fomied, ( tifSo.) 

7. StnUe what rock constilnenls are carried by rivers to the sea in smpension 
and solution respecliv-ely, and describe what betomca of these mat-erials when 
they reach the sea. ( 1S79.) 

8. Wliat are moraines ? ^nme til? ^IVereilt kin^ and degcnLie the 
manner in which they are formed. (1579,) 

5. The River Rhone enters tiie Lake of Geneva ns n muddy stream onA 

leaves it as a. perfeclly cleat one. Slate the souii:e whence the se<liinent 
carried by the slteam is derived, and what beeomea of it. - Eiplain the 
changes which are being produced in the plLysical fcaturcE of the country hy 
the rcoiova.! and re-dupoiiLion of the material carried b^ [he river. 
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Fig. 191, 

A piece of Lodestone 
Euspended in n stirrup. 



Natural Magnets. — A valuable iron ore having the com- 
position Fe^Oj, and Icnown as magnetic oxide of iron, is found 
in large quantities in Scandinavia, the United States, and other 
places, It conta.ins 72 per cent, of iron^ and 2^ per cent, of 
oxygen, and has a specific gravity from 4 to 5, The most 
remarkable property of tliis substance is that it attracts iron and a 
few other substances, and if a specimen be 
suspended in a stirrup so as to be free to 
move in a horizontal plane, it will set itself 
in a north and south direction. (Fig. 191.) 

The ancients discovered this ore in 
Magnesia, a division of Asia Minor, near 
Smyrna, and named it Jfai^/ies stone, just 
as Portland stone is called by that name 
because it is fouind at Portland, and fi-ojn 
this term the word mngrret has been derived, 
and is applied to bodies possessing the attractive and directive 
properties of the natural ore. On account of the property of 
setting itself in a fixed direction the magnet-stone is called a 
'lodestone,' or leading stone, from the Saxon word la^dearijto 
lead. 

Artificial Magnets. — When an ordinary knitting needle is 
dipped in iron filings it does not attract them. Neither will the 
needle set in a definite direction if freely suspended. But when the 
needle is drawn three or four times from end to end along a 
lodestone it acquires the property of attracting iron, and, if free 
to move, sets itself just as the lodestone does. And if one end 
of this needle be rubbed along another needle the new properties 
will be similarly imparted to the latter. A magnet has in fact 
been made in each case, and we express what has been done to 
the needles by saying that they have been magnetised. Bodies, 
hke these, which have their magnetic properties given to them 
artl^ciaUy are termed artificial magmU, a'4 o^^o^qd to ntititrai 
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magnets like lodestone. It must be at once understood, however, 
that artificial magnets, such as the common horseshoe magnet of 
schoolboys, are not usually made by nibbing pieces of iron or 
Steel with ladestone, but by other far more powCEful Dietliods. 

Poles of a Magnet. — A magnetisfid rod of Iron or 
knitting needle dipped into iron filings and lifted out will be 
found to have filings collected in tufts near the two ends, veiy 
few, if any, adhering to the middle of the magnet. The quantity 
of iron filings picked up may be taken as a measute of the 
attractive force at the surface of the magnet, and the points 
where this force has its highest value are called the folcs. A line 
drawn round a lAagnet 
midway between the two 
poles is known as the 
neutral Ime. and the mag' 
nelic axis is a line joining 
the poles. All magnets, 
natural or artilicial, have 
two or more poles. It 
might be supposed that by 
breaking a properly mag- 
netised knitting needle in 
halves two magnets, each 
having asingte pole, would 
be obtained, but this is not 
so, for each of the pieces 
becomes a magnec having 
two poles, and this occurs however far the subdivision may be 
carriei). A magnet free to move in a horizontal plane — a condi- 
tion obtained by floating it on. a piece of wood in water, by 
suspending it in a stirrup supported by a fine thread, or by 
balancing it on a pivot — assumes a direction which is nearly 
true north and south. (Fig. 193.) The end which points 
northwards is termed the north pole or north- seeking pole, 
and the one directed towards the south, the south pole, or 
south-seeking pole. 

Action of Magnets upon each other. — If the north pole 
of one magnet be brought near to the south pole of another 
magnet the two wiU be attracted, but if the north pole be presented 
to the north pole of a suspended magnet the laitei w^i. "w. 
repelled or driven away. In like tna.uu«i ^wjiiOcv -^tisi WSscwS* 




Fig. 19a. 

A Compass Neetlle balanced upon b 
vertical pivot a A 
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llie north pale of a magnet, and repels the south pole. Hence 
the law of this attraelion and repulsion is ' like jioles repel each 
other, but unlike poles attract each other.' 

Difference between Magnets and Mag-netic Sub- 
stances,— A magnetic substance is one that is attracted by a 
magnet in all its parts. Thus, any patt of a piece of soft iron is 
attracted by either pole of a ra.igiiet. But we have seen that a 
magnet is attracted by one end of a magnet and repelled hy [he 
other, and it is this latter circumstance that constitutes the differ- 
ence between tlie two. Iron, steel, lodestone, nickel, and cobalt 
are magnetic substances. Oxygen is strongly magnetic. Prof. 
Dewar recently placed some of the liquefied gas in a rock-salt cup 
beneath the poles of a strong electro-niagnel, and the liquid 
jumped up to the poles and clung there until it had evaporated. 
Nearly all substances are affected by a very strong magnet, the 
majority of them being not attracted but repelled. Bismuth is 
the metal which is most strongly repelled, but the comparative 
feebleness of the force may be gathered from the fact that, taking 
the attractive force of iron as 1,000,000, the force of repulsion 
exerted between Bismuth and a magnet is represented by 33! 

Screening: from Magnetic Action,— A magnet wrapped 
in a piece of paper will stili pick up iron tacks or iilings, although 
not in contact with them. Again, when a magnetic needle Es placed 
under a glass or separated from a magnet by a thick piece of wood, 
the magnetic power is not screened off in the faintest, for the 
needle will he repelled or attracted by the magnet just the same 
as if no substance intervened. The only way to screen a body 
from magnetic influence is to place it in a vessel made of soft iron. 

Magnetic Induction.— If one end of a piece of soft iron be 
held near to, but not touching, a sirong magnet, the other end 
will pick up iron filings or iron tacks in the same manner as the 
magnet itself. The iron is said to be magnetised by tniuction. 
Take the magnet away and the soft iron loses its magnelic proper- 
ties, and will not attract the filings or tacks. We see. therefore, 
that soft iron is easily mn.gnetised but soon loses its m-agnetism. 
When a body has become magnetised by induction in this manner 
the end of it nearer to Che inducing magnet has a pole of an 
opposite kind, and the end further away one of the sime kind as 
the pole of the magnet causing the action. This can bo proved 
hy holding a magnet and a piece of soft iron in a straight line and 
Issli'jig the polajity of the ei^d moat xemoxsii 'itu.m.i.he indocing 
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pole. (Fig, 1 93 .) Several iron tacks can be suspended in a cliaiti 
from a magnet (Fig. 194) on account of the fact that the one 
touching the magnet has a liiie pole induced in its further end 
and 3.11 unlike pok iti its neater end^ this tack similarly holds up 
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Fig. 

Mngnelic Chuio. 



^'S' '93- Miiguclic lEJu<;lion. 
the next by inducing a like pole in the far end of it and an unlike 
pole in. the near end, and so the induction goes on down the 
series, until, when no more tacks can bt: supported, we find thai 
the far end of the last lias a polij of the 
same kind as the one from which the 
magnetic chain is suspended. Stee! cannot 
be easily itiagrtetised, but when it does 
become possessed of magnetic properties 
it keeps them. The behaviour of soft iron 
and steel with regard to magnetic induction 
reminds one of the saying, ' That which 
is easily gained is lightly prized' Iron 
easily becomes a magnet and as easily 
loses its projjerties. Steel, on the other 
hand, is magnetised with difiiculty, but 
permanently retains the properties impar- 
ted to it. We thus get ' temporary ' and ' permanent ' magnets 
the former made of soft iron, the latter of steel. 

Lines of Force or Induction 

are defined as curves such that at 
any point they indicate the direction 
in which a north pole placed at that 
point would lend to move. If a 
magnetic polo be placed under a 
sheet of glass, iron filings sifted 
over the glass will be found to ar- 
range themselves in radial line?, as 
in Fig, 195. Each particle becomes 
magnetised by induction, as exptain-^d 
in the preceding paragraph, and at- 
tracts the opposite induced pole of 
another pariide, and bo a number 
of radiating lines, indicating iVve 




f^E- '0!.- „. 
ATrangemefil of iroB filings 
on a \\ciE of card rcsling 
nil ihe iiutd\ or Sfpfti.'Ja.ijJii. 
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direction of the lines of force or induction, are produce 
The lines of force about the pQles of a horseshoe tnagn 
are sbovrn in Fig. ig6. 




1961 Airangement of iion iiliags on a. piece of card placed upon the 
ends ci! a horseshoe magnet. 

How to filjd the Cardinal Points. — In our hemtspliere the 
shortest shadow of the sun on any day points to the true north. 
Or the line bisecting the positions of shadows of equal length 
before and after noon also points true north (see p. 105). In 
the evening if the stars are visible, the Pole Star or North Star 
enables the true north to be determined (see p. 1 13), We have 
seen that a magnetic needle sets itself in a direction which is 
approximately true north and south, hence, if we know how much 
its direction ditTers from the true north and south, we have a. 
m'" J13 of finding the latter even when the sun has set and the 
stars are hid by clouds. When the north point is known, the 
other cardinal points, south, east, and west, can easily be 
determined by construction. Thus the extremities of a line 
bisecting th-e north and south hne at right angles are respectively 
the east and west points. And if the four ri^ht angles thus 
formed be bisected, the north-east, south-east, south-west and 
north-west points are obtained, and so on for other points of the 
compass. 

Magnetic declination or variation is the angle between 
the geographical meridian and a vertical plane passing 
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through the axis of a magnet which is allowed to swing 
freely in a horizontal plane. —In London the north pole of a 
magnetic needle comes to rest pointing in a direction which is about 
17'' to the west of the true north. (Fig. 197.) This is, therefore, 
the present dedination or variation at London. The declination 
differs at different places, e.g., it is about so** west of noith at 
Liverpool, and ai" west at Glasgow, and at some places the 
magnetic and geographical meridians coincide, so the declination 
there is o". Lines connecting those places on the earth at which 
the declination is the same are called isogenic lines, the line 
along which there is no variation being termed the rfgiM/V line. 
Fig, ig8 is a chart of (he world on which some of these lines 
have been drawn. It will be seen that they converge towards 
two poles in the northern and southern hemispheres. 

TMIt 
MAiairrie Norrrt . 




Fig. 197. Magnetic Declinalitfii at London, 

Magnetic inclination is the angle which a magnetic 
needle free to move in a vertical plane makes with the 
horizontal when placed in the magnetic meridian.— So 
far we have only dealt with magnetic needles which were free 
to move in a horizontal plane. But, if a fine steel pin be fixed 
through the exact centre of such a needle and supported horizon- 
tally so that movement can only take place in a vertical plane, it 
Vfill be found that the needle will dip down from the horizontal, 
the mrlh pole pointing towards the earth in our latitudes. That 
this dipping is not due to want of balance can be ptoved by 
demagnetising the needle and making the other end 2 north pole, 
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when (V will dip downwards. An instrument or 'dip-circle' for 
finding the angle of dip or inclination at any place is shown in 
Fig. 199. It is necessary that the needle should oscillate in the 
magnetic meridian. To obtain this desideratum the vertical 
circle is rotated on the horizontal base until the needle conies to 
test in a vertical position, that is, until its extremities point to 90°, 
"Wheti this is the case, the needle is at right angles to the magnetic 
meridian, so that by rotating the vertical circle through 
510" on the horizontal one the needle is accurately placed in the 
meridian and comes to rest at an angle (the angle of dip) which 





Di|J Circle. 



varies at different places, but which is in London at the present 
time about 67" below tlie horizontal. Tsgi:liriic lines, or lines of 
eqiial dip, connect places where the dip is the same, that is to say, 
if a dipping needle were carried along a line of this character it 
should remain at the same angle throughout the journey. The 
line where there is no dip, that is, along which a dipping needle 
rennains horizontal, is termed the magnetic equator or aclinic line. 
It will be seen from Fig. 200 that this line only coincides with the 
geogiaphical equator at four points. At the magnetic goles 3. 
dipping needle comes to lest veItica.VV^^. 
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The magnetic intensity at any place is the total 
mag:netic force exerted on a needle placed there.— In 

the preceding paragraph we stated that a dipping needle comes 
to rest vertically when free to move in a plane at right angles to 
the magnetic meridian, and only indicates the proper dip when in 
the meridian. We may consider the needle to be acted upon by 
two forces, one tending to pull it horizontal, the other tending to 
make it stand vertical. In accordance with 
the law of the composition of forces 
previously explained (p. 17), the needle, 
in the latter case, lakes up a position between 
the directions of the two forces. But when 
the needle is out of the magnetic meridian 
the harizontaJ force pulls it only against the 
pivots, and when at right angles to the 
meridian the eifect of the horizontal force is 
entirely lost, and so the needlq sets vertically. 
In like manner an ordinary horizontal com- 
pass needle is affected only by the horizontal 
component, for the vertical one merely pulls 
it down upon the pivot on which it turns. 
A dipping needle in the magnetic meridian, 
therefore, indicates the direction of the total 
magnetic force exerted upon it. The rela- 
tion of the horizontal, vertical, and total force 
to each other will be understood from Pig. 201, The intensitira 
of these forces are expressed in the same manner as other forces. 
They are most conveniently found by measuring the horizontal 
force and the angle of dip at any place, and from the data thus 
obtained the total force or magnetic intensity can be calculated. 
These three facts contain atl the information about the magnetic 
action of the earth at any place, and are therefore termed the 
magneiic elements. 

Secular variations of terrestrial magnetism are those 
which take ages for their completion. Thus, in London in 
15S0 A.D, the declination was 11" E. of N. ; in 1659 the needle 
pointed due north ; it then slowly increased its declination west- 
ward until in 181S the value 24° 41' was reached, and since then 
it has been moving back towards the north, the declination at 
Greenwich Observatory in 1892 being 17" 20' W. The inclination 
changes in like manner at all places. In London iu i^'x^* 
7'" 5?', a uaaummn of 74" 43' ^^i^atieai *\sv "^^^^^ 



Fig. so I, 

Relation of the hori- 
z-oatal to the veiticaJ 
force. 
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ilien the angle has been decreasing, its value at Greenwidi 

Observatory in iSgj being 67^ 31'. 

Aiuiual and. daily vatiations of terrestrial magneCism also 
occur. From April to JulythedeclinatioasufTersa slight decrease, 
that is, it moves eastward, and then slowly increases again for the 
remainder of the year. The inclination also varies, being abQut 
o'aj' lower than the mean from April to September, and about 
the same amount higher than the mean from September to April. 
The magnetic needle changes its position slightly during the day. 
Ai ioa.m. it occupies its mean position. It tlien moves west- 
ward and reaches a mawmum of 6' or 7' to the west of the mean 
position about one o'clock. The declination afterwards decreases 
until the mean position is regained about 7 p.m. A slight move- 
ment to the east occurs during the night, and a maximum of about 
4° E. is reached about eight o'clock in the morning. From 
8 a.m. to 10 a.m. the needle swings back to the mean position. 
The inclination has also a diurnal variation, reaching a maximuoi 
about 8 am. and a minimum about 3 p.m. Both the annual 
and diurnal variations can only be detected by means of very 
sensitive insttumenis, 

Irregular variations cause the magnetic needle to move in a 
sort of zigzag fashion instead of steadily progressing towards the west 
or east according to the time of day. These irregular disturb- 
ances are known as * magnetic storms,' and sometimes cause the 
needle to vary a couple of degrees from its mean course. The 
aurora borealis appears to be intimately connected with magnetic 
storms, for magnetic irregularities invariably accompany the 
appearance of this phenomenon, and the luminous beams and 
columns have very often a direction parallel to that of a dipping 
needle at the [dace where they are observed. Earthquakes and 
volcanic eruptions have also a marked effect upon the course of 
the needle. It has been shown that periods of marked auroral 
displays succeed each other at an average interval of about ten or 
eleven years, the period of maximum frequency coinciding with 
the period whea the black spots on the sun's surface are most 
numerous. 

The mariner's compass is used to find the north point at 
sea. It consists of a magnetic needle attached below a circular card 
divided as in Fig. aoa, and suspended on a pivot. The north 
and south points on the card should be exactly over the magnetic 
a.\7s of the ireedle. Hence the north and south line of the c.^^d 
a3ways lies ia tiie magnetic mecidvan cit \.tve v^ace, cii (io^iwswiQw^ 
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although the needle which causes it to take up this direction ia 
not visible. The basm or compass'box containing tlie pivot on 
which the needle and card rest is supported on gim/iats, so that 
the compass-box and card always swing horizontal however great 
the rolling of die ship may be. Inside the compass-bos is marlted 
a vertical black line called the lubber-line. This line is in the axis 
of the ship and indicates the direction of the bow. The point of 
the compass at the lubber-line at any rnoment shows the direction 
in which the ship is moving. 
If, therefore, the helmsman 
desires to steer north-Trest he 
turns the helm until the point 
N.W. comes to the lubher- 
line. In a land compass the 
magnet is pivoted above the 
divided card, so although it is 
always directed north and 
south any point of the card 
may be under the north pole. 
It is a common mistake among 
uneducated people to think 
that the north point of the 
card shoidd always be under 
the north pole of the needle. 
This, of course, cannot be 
the case. To use a land compass properly the box should be 
turned until the north point is under the north pole, and then 
the required direction can be read off. To get the true north 
from the magnetic north, whether on sea or land, it is necessary 
to know the magnetic declination or variation at the place of 
observation, All ships on long voyages carry charts showing the 
declination at the regions they will visit, and this has to be 
added to or subtracted from the true course of the ship in order 
to obtain the course which ha;s to be followed by the 'man at 
the wheel.' 

The Earth behaves like a great magnet in its effects 
upon magnetic needles. In the first place, it attracts a needle 
supported on either a vertical or horizontal axis. The terrestrial 
lines of force indicated by isogenic lines converge to poles in the 
northern and southern hemispheres. And similar regions of 
great magnetic intensity are exhibited by the arrangement of 
iaodinic lines. A needle supported on a hot\is!ioS.?s.V *3i"i> ^Kw-t-i. 




Fig. Z02, A Compsss Cari, 
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to rest in a horizontal position at the magnetic equator and th 
north-seeking pole gradually dips downwards as it is carri 
northwards, until at some point near the pole the needle slan 
vertical. This point in the northern hemisphere is a little to 
the north of Hudson's Bay, about i,ooo miles from the north 
geographical pole, in lal. 70° N., long. 96' 43' W. The south 
magnetic pole is probably situated about lat, 75" S. and long. 
150° E., but its exact position has not yet been found by obser- 
vation. Roughly speaking, thetefore, the earth behaves as if a 
great magnet was inside it, with its south pole near the north 
pole of the earth, its north pole near the south pole of the 
earth, and its central line nearly coinciding with the earth's 
equator. The magnet must not for a moment be supposed 
really to exist, but must merely be looked upon as a convenient 
Sctioti which will explain the main phenomena of terrestrial mag- 
netism ; for the direction taken hy magnetic needles at any par- 
ticular district is considerably affected by the character of the 
rocks in the neighbourhood, both below and at the surface. 

Elementary notions with regard to statical elec- 
tricity.^-When twodilTerent substances are rubbed together each 
of them acquires a state such that they are able to attract light 
bodies towards them. If a piece of glass be rubbed with a bit 
of silk, the former will pick up bran, feathers, or any similar light 
materials. And, by proper meariSj the silk can be shaivn to 
behave in a similar manner. A rod of ebonite or sealing-wax 
rubbed with catskin or flannel also acquires attractive properlies, 
A rubbed rod of glass attracts a rubbed rod 

of ebonite or sealing-wax supported in a 

stirrup as in Fig. aoj, or bahinced on a 

watch-glass, but repels a similarly rubhed 

rod of glass. In like manntr, rubbed 

sealing-wax or ebonite repels bodies in the 

same electrified state as itself, but attracts 

rubbed glass. We therefore have two 

kinds of friclionai electricity, respectively 

represented by rubbed glass and rubbed 

ebonite, and they conform to a law similar 

to that possessed by magnets, viz., ' like electrified bodies repel 
each other and unlike electrified bodies attract each other." These 
two electrified states are called positive and negative, or brieflyf 
-t- and — , and one can never be produced without the other. 
Thus, glass becomes positively electriBed and silk negatively 



Fig. 203. 

MethoJ of suspeniling 
an eleclriried rod. 
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electrified when they are nitbed together. Ebonite becomes 
negatively electrified and flannel positively electrified when rubbed 
together, Tlie substances in the following list are so arranged 
that if two of ihem are nibbed together the higher becomes 
-\-'' electrified and the lower — " electrified. 

r. Fur. 4. Resin. 7. Cotton. 10. Ebonite. 

1. Flannel. 5. Metals, 8, Silk. 11. Caoutchouc. 

3. Wood. 6. Glass, 5. Sulphur, ra. Guncotton. 

Some bodies conduct, or allow electricity to pass along them, 
more easily than others, and are said to be good Conductors. Under 
ordinary circumstances the electricity developed in silk rubbed 
against glaK does not remain in the former, but is condacled 
away through the body of the operator to the earth, whereas the 
glass retains its electrification. It is on this account that the 
silk or flannel rubber, as the case may be, does not exhibit the 
electricity with which it has been endowed by the friction. The 
following is a list of good, imperfect, and bad conductors or 
insulators of frictional or statical electricity. 

Good Canductors. Imperfect Conductors. 



Metals. 

Ga.s, coke, and charcoal. 
Acids and metallic salts. 
Water. 



Cotton. 
Wood. 

Fats and oils. 



Bad Conductors. 
Caoutcliouc. 
Ebonite, 
Silk. 
Shellac 
Glass. 
Paraffin. 
Dry Air. 

It is perhaps better to speak of the resistance of a body to the 
passage of electricity than of the conductivity, because even th« 
best conductors offer a certain amount 
of resistance. 

An electrified body induces an equal 
amount of electricity on bodies around it 
just as a magnet induces magnetism in 
soft iron, Wben the inducing body loses 
ils electricity those electrified by induction 
return to their norma! state. This action 
at a distance is well illustrated by means 
of an instrument termed an electroscope, 
consisting of two gold leaves fastened on 
one end of a piece of wire supported on Fig- 204- 

an insulator, and surmounted at the other Aa KJecboicope. 
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end by a metal disc or ball. (Fig-, 304.) A rubbed glass 
brought near to the top of the inslrumetil causes the gold leaves to^ 
separaie and stand out in the form of an inverted V, owing toj 
their becoming possessed of like electricity and repelling eacli 
other. And it can be easily proved lliat the electricity in the! 
leaves is of the same kind as that of the inducing body, and that 
on the disc is of the opposite kitid. As soon as the excited lodj 
is taken away the leaves again lall together- 
Electrical Machines. — The simplest kind of electrica( 
machine cotiaists of a glass plate or cylinder, which is rubbedj 
agaiasC silk or leather by ttirtilng a handle. One in which 
cylinder is used is shown in Fig. 305. The positive electricit 
developed an the glass is coUectetl by means of the liguied laetdt 




Fig. 205. A Cyliniier Electrical MaehinB, 

cylinder with rounded ends known as the 'prime conductor.^ 

This is supported on an insulating pillar atjd armed with spike 
on the side facing the glass. The glass becomes posilivelji 
electrified by friction against the rubber, and in passing ths 
metal cylinder electrifies it by induction, the unlike electridt 
being attracted to the spikes, whilst the like electricity is driv 
to the further side. The former is dissipated into the air by it 
points, and by this loss the prime conductor gradually become 
charged with positive eluctrioily. When such a machine is 
action a bright spark will pass with a snapping noise from thfl 
pn'me conJuctor to anythir\gh.e\d neai The, luminosity of tt 
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spark is due to the heating to incandescence of the air through 
which it passes. When the spark is made to pass through 
hydrogen a red luminosiij is Ihe result, and carbon dioxide is 
rendered green. The spark passes more easily when the gaseous 
media are rarefied. 

Atmospheric Electricity. — The first observers of the 
electric spark must liave noticed its resemblance to lightning. 
The identity of the eiectricitj" of a, thunder-cloud with that 
produced by means of an electrical machine was proved by 
Franklin in 1752. He sent up a kite atlached to a piece of 
string at the «nd of which a key was tied. The key was 
fastened to a strip of silk which could be held in one hand 
or tied up to a post. No sparks could at first be obtained from 
the key, but after a fall of rain had wetted the string, and so 
improved its conductivity, sparks could be drawn from it in rapid 
succession, just as they can be taken from the prime conductor 
of an electrical machine in action. The air is always charged 
with either positive or negative electricity, and* the charge 
increases in power the higher we ascend, During a thunder- 
storm, however, the quantity and kind of electricity varies con- 
siderably. 

The origia of Atmospheric Electricity is v«ry probably 
the friction of particles of water-vapour against surfaces of rock 
and ice on the earth, and against the latter in the higher regions 
of the atmosphere. Electricity is certainly developed by evapora- 
tion, and so is continually being produced. And it: can be 
shown that when several minute particles of water- vapour in a 
cloud coalesce into single drops, the electrical condition of tiie 
cloud of which the drops form part is thereby enormously 
increased. As the drops increase in size the cloud becomes 
darker and its electrical condition is increased. The cloud finally 
loses its electricity by discharges of lightning. 

Lightning is a visible effect caused by electric 
discharges between clouds or between clouds and 

the earth. — Three kinds of lightning are usually distin- 
guished, viz., fork<d, or crooked lightning, sheet, heat, or summer 
lightning, and ball or globular lightning. The first is notliitig 
more than .a long electric spark, represented in mini.Tture by 
a spark from an electrical machine. lis kiiglh is often over 
a jniie and sometimes four or five miles. The duration of 
the Hash is only about one millionth ^ast a, -^t-a^. "Cvet 
JifJit and heat developed dufiiig a.V\giv^mug, &\^.OfiQ.i^^ ■^■■^ " 



the heating to incandescence of the OKj-gen, nitrogen, and other 
gases through which the spark passes, and also the volatilising 
f some of the meteoritic particles in the atmosphere. The 
. regular form is dut; to the different resistances oflered ty differ- 
ent portions of air to thi; passage of the discharge. A repro- 
duclion of an electric discharge of this character is shown in 
Fig, 206. The photographs that have been taken of lightning 
discharges show that the zig-zag dovetail form represented by 
artists does not exist. The flashes are generally of a more or less 



Vij;. ao6. A Lightning Disclmrge. (From a Ph9lBgr/tj<h,) 

'niious character, but are never zig-zag. Sheet-lightning is the 
glow which frequently illuminates the horizon in summer. It is, 
in all probability, the rellection of flashes of forked lightning 
occurring below the horiion, and not directly visible. Ball- 
lightning is a rare phenoraetjon which has not as yet been imitated 
by discharges of electrical machines. A ball of luminous matter 
proceeds from the region of the discharge and after travelling 
slowly through the air , or along the earth for a few seconds, it 
esploilea, ' 

Damage by Lightning. — Some effects produced by ball 
d furkfd liglilniiig striking a building are described in the 
Joivin^r fXtract from oliservations made at Pike's PSak, in 
'oratio, U,S.A., at a height of ii^,>.t,^ Ceet a.bQve sea-level. 
£.40 p.ra. 3 bolt of lightning weM VhsouftVi ^t^fteaTsax.ssi.-wv'en 



the report of a rifle, throwing s. ball of fire across the room 
against the stove and its sheathing. At 6,35 p.m. the Ii;;htning 
struck the wire and builfiing at Che north end where the wires come 
through the window, with a crash equal to any 4o-iioun(Jer. It 
burned every one of the wires coming in at the window into small 
pieces, throwing them with great force in every direction, and filling 
the roota with smoke from the burning gutta-percha insulattoii 
The window sash was splintered on the outsidgj one pane of glass 
broken and another coated with melted copper. The anemometer 
wires were also burnt up and the dial burnt a.iid blown to pieces.' 
One reason why it is dangerous to stand under a tree during a 
thunderstorm is that the body is a better conductor of electricity 
than the wood and so the discharge prefers to pass through it 
to the earth. 

Thunder is the noise heard afier a flash of lightning has 
occurred, It is caused by a rapid in-rush of air-particles 
to fill the partial vacuum fosmed by the lightning discharge 
beating the ait in its track. When the flash is short and the 
sounds reach the ear at the same time a ihunder-dap is 
heard. In long and zigzag flashes the sounds produced at 
different points of the path have dilTerent distances to travel 
before they reach the ear, and their arrival one after anothei 
causes a thunder -peal to be heard. Rolling or rumbling are pro- 
duced by the echoes of thunder among the clouds and between 
the clouds and the earth. A dash of lightning is seen [jractically 
at the same instant as the discharge occurs, for light travels ai the 
enormous rate of 186,000 miles in a second. The Interval that 
elapses between the seeing of lightning and hearing of thunder is 
variable. Sometimes a thunder-c!ap is heard a second or SO after 
the flash has been seen, and at other times several seconds may 
pass, The cause of this interval is due to the difl"erence between 
the velocity of light and that of sound in air, the latter being 
approximately 1,100 feet per second. If thunder is heard a 
second lifter a lightning discharge, it can be said that the distance 
of the thunder cloud is about 1,100 feet, If the interval that 
elapses between the occurrence of the two phenomena be two 
seconds the cloud is about a.aoo feet distant, and so on for any 
Other inten'al. And, since danger from lightning generally de- 
creases as the distance of the discliarge from an observer increases, 
ner\'ou5 individuals may calm their apprehensions when they fin 
the interval between a lightning lli^tv atid 
and longer^ 
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Ligfhtning' conductors are used for the purpose of pre- 
venting damage by lightning. The most perfect way to protect a 
building would be to enclose it in a metallic wire cage, but this is 
not practicable. Prof, Lodge lays down the following conditions 
whidi should be fulfilled by lightning conductors : — 

(i) All parts of a lightning conductor should be made of 

one and the same metal, avoiding joints as far as possible, 
and with as few sharp bends or corners as possible. 

(a) The use of copper for lightning rods is a needless 
extravagance. Iron is by far the best metal. Ribbon has a 
slight advantage over round rod ; but ordinary galvanised 
iron telegraph wire is good enough. 

(3] The conductor should terminate not merely at the 
hi^est point of a building, but be carried to all high points. 
It is, however, not wise to erect very tall pointed rods pro- 
jecting several feet above the roof. 

(4) A good deep earth should be provided, independent 
of gas or water mains. 

(5) If in any port the conductor goes near a gas or wat^ 
pipe, it is better to connect them metallically than to leave 
them apart 

(6) In ordinary buildings the conductor should "be in- 
sulated away from the walls, so as to lessen the liability of 
lateral discharge to metal stoves and things inside the house. 

(7) Connect all external metal work — zinc spouts, iron 
crest ornaments and the like— to each other and to earth, but 
ttet to the lightning conductor. 

(8) The cheapest way of protecting an ordinary' house is to 
run common galvanised iron telegraph wire up all the comers, 
along the ridges and eaves, and over all the chimneys, taking 
them down to the earth in several places, and at each place 
burying a load of coke. 

(9) Over the top of tall chimneys it is well to take a loop 
or aich of the lightning conductor, made of any stout and 
durable metal. 

Inductive action of electrified clouds.— The tops 
ships' masts, of trees, and other objects are sometimes seen to 
V. This luminosity is known as St. Elmo's fire. It is caused 

he slow discharge of electricity and can be imitated by sticking 
'nted rod 0/ metal in the piime coafiusAnt «S. aa^isKXtva^i. 
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machine in action. The spikes feeing the glass cylinder, describe 
on page 392, becoroe tipped with a similar glow, which can easily 
be seen in a darkened room. In this case, the electrified glass 
is the inducing agent. In the case of the masts of ships, etc., 
electrified clouds cause the discharge. A striking manifestation 
of this character has been noticed on Pike's Peak, during the 
passage of electrified clouds over the suraraiE. When an observe!^ 
raised his hands and spread his fingers, 'each of them became^ 
tipped with one or more cones of light, nearly three inches in 
length. The flames issued from his fingers with a rushing noise, 
similar to that produced by blowing against the end of the finger 
when placed lightly against the lips, and accompanied by a 
cracking sound .... The wrist-band of his woollen shirt, 
as soon as it became dampened, formed a fiery ring around his 
arm, while his moustache was electrified so as to make a veritable 
lantern of his face.' This inductive action may produce serious 
effects for the following reason. Suppose an extensive electrified 
cloud to lie over the earth, one part being over a personj^ 
and another over an elevated point, such as a church spireS 
or hill-lop. The cloud electrifies the objects on the earth 
by induction, and therefore the person may unconsciously have 
in his head electricity unlike that of the cloudy whilst his feetj 
have the opposite electrification. When a discharge takes place' 
between the cloud and some prominent ohject on the earth or 
between it and another cloud, all inductive action on thgj 
individual instantly ceases and this abrupt neutralisation produce 
a more or less severe shock, known as the r^tiii-n-sh/Hk 
baili-strgke. 

The Aurora Polaris, or Polar Light is a beautifu 

phenomenon frequently seen in high latitudes and termed aurora 
bonalis or aurora australis according as it appears in the neigh' 
bourhood of the north or south poles respectively. No! 
adequate description can be given of the appearance of aurorae. 
Generally a number of luminous beams, rays, or streamers shoot 
up from the horizon, and converge to a point near the zenith. 
The convergence is really an effect of perspective for the 
'streamers are parallel to each other. It was proved as early 
1793 that the luminous beams have their lengths in the directio 
of the dipping-needle at the point over which they appe 
Hence a theodolite adjusted so as to point in the directio 
towards which the beams converge, is parallel to a di^yttv^ 
fixed in tlie magiietic meridian ax the, yM^^ Q'i. sJwK.vi-ii-i.WL, 
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mH raiiKrT^^'-'l aurora of Septcmlter mrl, iSj^, fcnaed a bek 
a#%ht' nocthem hemwphcp^ eneatKag to ai hwart 

in N6nh . . lanide laf*. and reacfing to an onknon 

' 4r.]nc« on 'n i and it p«m^«d the eaun aOemJ 

i 'nt"-Mi 'fi- . of JO snd joo mika above the eartb'B 

t-ir'.i'r, ition comuti^ chieU^ of Inmip oaa beams 

inQti to th« dircclioo of a 
ndMl ; ifux is. in Ae UtMcd 
. a -tical — tbnr upper exUettiitiea 




aoy. Aiirnm Ilorpiili", oljutn-uil iu Aluaka, 27th Dtceralier, 1865. 

njf Inclined nouihwnrd al angles varying from 15" to 30", 
Ttirtii- Ijfiimii were, tlit-rcrorc. about 500 miles in length; and 
Dirii lidiMU'ii-i* viirlcd fioin llvi- lo ten and twenty miles, and 
|ii'(ltn|ii lonu'timrn \\v\ were still j^rcatev.' AuroraL- are also 
iiiliimiti'ly Ltiiiin'i led wilik ' iiuinnetKr sturms,' to such an extent 
fact llmt DIM! nf ilic'si" clasaca of phenomena is invariably 
ii;MJiifil In' tlie oilier. 

9 colour of an nuroriv is often a greenish yellow, but 
ami 'i/iK' ;ind mnny olhti ivMs Vnwe Xiesiw tiisfcV4«& 
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the same tim&. The cause of the luminosity is the disdiarge of I 
el-ectricity in rarefied air, whereby the gas is rendered incandescent, i 
The appearance can be imitated in the laboratory by causing I 
electric discharges to pass through vessels containing more or less 
rarefied air. The variations of colour may therefore reSLilt fromj 
the different heights at which the discharge occurs, the air] 
decreasing in density as its distance from the earth's surface] 
increases. Professor Lockj'er has shown that a large part of the] 
luminoEity of aurorae is due to the heating and volatilising by] 
means of the electric discharge of some of the constituents of the] 
enormous number of meteorilic particles that exist in the atmos- 
phere. 



QUESTIONS ON CHAPTER XXI. 

I. DoB3 the mDriner's compass point due no-rth ? If not, why not ? (|88S-} j 
a. What is the cause of ihc inlcrval which elapses beiivec:n a llasli of light- 
ning Bod the aceoiiiponyiiiE thuntlercbp ? If ihi^ interval, in nny iiiiriiculitr] 
ca.se, ^erc found to be ekvcn sceoiiJs, what inference would yuu draw (rum 
Ibefact? (iSSo,) 

3. What is the cause of the noise hesrd during thTJadefitdrma ? ( iS^^),) 

4. What are llie niafjnetic polts, and whnt do yon know about their geo- 
graphical position ? ^iSjS,) 

J. In what dirertion does a nw0nelic needle in thi* country poinr, and whyj 
6ae& it not everywhere asaunic n clus north and soiath direcibn? (1877,) 

6. What is the difTerence between iiiagnels niid magnetic sub: laiiccs, aiiJ] 
between natjirnl and artilicin) magnets? 

7. Wliat is tlie prc-bable otiEiii of almospTrcric clectiiclty ? 

8. WTiat iiicts point to n connection between auiuiae ami lorrc^liinl ning. 
nclistn ? 
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MODEL ANSWERS TO THE ELEMENTARY 
PHTSIOGRAPHY QUESTIONS 

SET AT THE MAY EXAMTNATION OF THE SCIENCE 
AND ART DEPARTMENT, 1891. 

Sbkibs 1. 

I. (n) What cTiemicttl element i> present both in air and water ? 

(i) Slate the chief properties of this elementary sabstance, 

(c) What proportioa of this element is contained in air and water rBBpectlvely 7 

(rf) lowhatconffittondoestlie element exist m aimnd waterratpectiTely? 

(a) Oxygen. 

(fi) Oxygen hu no colonr, taste, or smell, and is an active supporter of 
con^nstion. Water dissolves about three per cent of its volttme of 
the gas at 15° C Its specific gravity compared iriA air Im I'lOi- 
Under a pressare of 330 atmospneres and a tempentnre of — ifiT, 
eacygeti is tiansfonned to ■ shy-Uiie liquid. 

(f) Air contains 23 percent, of oxygen by weight and 20-8 per cent by 
volume. Water contains 88 8 per cent of oi^en bj weight and 
50 per cent, by volume, (The proportionil composition of water 
may also be expressed by saying that 36 lbs. of water contains 32 
lbs. of oxygen, and two pints of trater contain one pint of oxygen, 
measured at the same temperetare and pressure.) 

(if) Oxygen exists nncombined in air, bnt in water it is chemically united 
to hydrogen— one atom of oxygen baag Joined to two atoms of 
hydrc^en. (H, + O ■ HA) 

3. (a) State the principle on wloch the action t£ a mercmiol barometer 
depend!. 

(1) Whj !■ a water baiotneter longer Aan a mercurial barometer? 

''1 What occnidei the apace above the mercurial cokmn in the latter 
nnent? 

If a hole wete to be boted throngh the glass above the colmnn of 
T what wonld happen ? 
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(a) If two liquids, say raercorf and ^vater, are pkced in the arms a 
(J-shnped tube, a shorl column of mercury will lie Found to balance 
ft long column of water (Fig. i). In like mnnncr. tlie mercutj 



M{rcury 



Fig. I. 

itilroduced tnto a tube, such as thfit IIIuB> 
trated by Fig. 2, balaaces a column of air 
fadending upwnrdfl to the limits df (be 
atmosphere. Id an onJinary cistern bar- 
□metei the pressure of tlie atmospbcre on 
ibe suiface of the mercury in the basin 
sustains the mercurj !□ tlia tabe ; if [he 
pressure dccreHsesj the colutnii shpOrten? ; 
if the pressure increa-sea, thegglumn ttuiiJIs 
higber. 

{6) A sboTt colmnn of mercucy balances 
a long column of water, therefore mercury 
isbeavier fculk for built than water; actually 
its apeeific gravity is i3'6. Hence a waifeV 
barometer hes to be 13*6 times lonf;er than 
a nercnnol one, because of tbis diJl'ereDce in specific gravltjr. 
{c) The vapoor of mercury. 

(d) ThRroercury woaldfalidown the tube tn the level of thnt iu the ciftem. 
3, (a) What ia tie sonree of ih* water thnt falla as rain ? 
(*) What becomes of it when it reicbca iliG grouoj ? 
(c) How do we bdicate the quantity of rain vliicb fails upon a giren pIsM 
during a yenr ? 

(a) Tde water on the earth. Clonda are formed of water which has 
evaporated from the earth, and rain is proilured by the condensation 




Fig. A. 
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of the water paTticles forraiDg a cloud so as ta farm titrger drops, 
which fail to the grooiid through the iction of the ("occe of gravit7. 
(i) Psrt sinks into the ground to farm springs, part flows off the land ot 
once into rivers, and another p^rt rctvains to tbeatmosplieie again by 
evapoiation. 

(<■) Rfliofall IB tneasured by Bieans of a. rain-gaugfl, and is erpressed as the 

thickness in in«h#S of the fall if it Wero sprcnd evenly over Ihe 
surface of the Innd wheie it occurred. The mean annual rninfoll of 
any place is determined hy measaring the jearly raiafall for several 
years and Snding the average. 

/l^ (a) V/liat is meant by 3 ' raised bea.ch ' ? 

(ft) What do we learn frcm its Esistence ? 

(r) Name SI17 place where raised beaches are foujid. 
(a) A Imct of land or a aea-heagh thst has l>een raised above sea-level. 
The evidences of such upheaval are various. SomeCiinLS u line of 
clifis above sea-level is fuund covered with the reniains of barnacles 
and other marine orgaiiisms. Or naves v/aca out of cliffi by Ihe 
action of the sea are foand at a eerlain disiance inland, because -of 
the elevatioD of the l&nd. In some cases piers and harhotus are 
rendered usele5S by lieing elevated above the high- water marlt. 
fi) That land is subject to slow movements of upheaval. Sea-worn cavea 
can only be formed at sea-levcj, and marine shells do not naturally 

occur in ony qnantity above Ihe level of high-water. When, there- 
fore, these are found above the level of the wavta, it la condadcd 
that the land containing thetii lias been elevated. 
((t) The West Caist <>( South America, Spilzbergeis, and cftifly parts ef 
the coast of En4;land, e.g., Sandwich and Wiathelsea. 

Series It. 

j. How arc the light and heat produced ? 

(fl) When a match is struclc, 

[6] When, 2. candle bums. 

(c) In a ftash of lightning. 

[a) An ordinary lucifer match contains phosphorus and potassiom 
chlorate. These bodies will not qombind with each other, or with 
the oxygen in the air, unless they are heated, la the case giveii) 
the chemical action which occurs ia started by the lieat j'roduccd by 
friction against a rough surface ; afterwards, the heat given, out as the 
above substances combine with each othtr is more than sufficient io 
carry on the Combustion, of which light and heat is the result, 
(i) Comhaation occurs whenever cheniienl action is accompanied by the 
development of light and heat. When, a eaiidle burns the carbon 
and hydrogen in the tallow or wa" combine with the oiygen in the 
air to fona carbon -dioxide and water, and hea,t and lig'tiL are evolved 
so long as such clicmkal action, or burning, or combustion goes on„ 
(c) The air and the particle* of dust in it are rendered incandescent by the 
passage of the tlecirit sparh. The colour of lightning d*i>eiid3 upon 
the rarefaction of the air thrniigh which the discharge pai.ws. In 
the lower regions of tlie almospliere il Is while, but in higher ri:giDns, 
where Ihe air is less dcnsn, tin.' discli.irgc may have a violet hue. 
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6. How would yon set out a, nortb and soatli Kne? 
(a) By the maiiners' compssa, 
[fl) By the sun. 
(c) By a star. 

(0) Diaw a line in the direction of the north and wulh, points of the 
compass, This line will indicate the magnetic and not the geogra- 
phical meridian. To determine the true ncfftli and south, the 
maEDelic variation at the pkce of oteervaliun must be found. At 
the present time the magnetic north at Greeavvjch is about 17° west 
of tfie true north. 

[1) One method is to otiserve the etiottest shadow of b fixed post on any 
day, ajifl to clraw a line in ils direction. A betlcr method is to 
mark tlie length snd position of the sha.dow of b post same linie 
before noon, and then to draw another line irj the dir^clion of [he 
shadow having the eame leng'th afltr noon. The line bisfctiTig 
the angle contained between these two lines points true north and 
south. 

(<) By tailing tlie direction nf a lelcacope or a atraight rod pointed to the 
pole star. But the jiole star Is 1^° diBIanl (ram. the celestial pole, 
and Iherefoie it describes it circle, having a radins of i^" round the 
true north point in ihelienvens. Hence, for an oxact determination 
it is iiece^Gary to know in what part of the circle the pole star ia at 
the lime of ohservation. 

What difference is observed in the place of the riang and selling of the 
sun (ij at difrcient limes of the year nt any place in llie British Isles ? (2] a| 
the summer solstices in different pnrts of the noilhern hemisphere ? 

(a) At llie equitvoxes (vermi nnd antumnal) the sun rises due east and 
Seta due wtst nil ever (he c&rlh. Wheii the arcs destfibed liy tlie 
Eun in the heavens arc increasing in siie, that ia, from winter to 
Bumtner, our luminary rises and sets more and mote north ; as (hey 
decrease in size it la moving south. In London, at the summer 
Bofslice, the nmpHtude of the point on the horiion nt which ihe sun 
Tis^ is iiboiit 40° [J. of E, ; and ihe amplitude at sunset, 4,0" N. of 

■W. At the winter solstice the amplitudes of ibing nnil setting are 
40° S. of E. and ^O'" S, of W. respectively. 
{i) A the eqitator the sun tises due east and se^a due weiAall the ytAr 

found. In latitude 35' the amplitude of the son at the solstices k 
about a6° ; in latitude 50" its amplitude at the solmicea is about 38^°, 
the cmpliludcs increa-ilcig with the latitude. 

8, State ore erporimeritfll ptviof of the earth's rotation. 
(An outline sketch of the gyrO'SCope shown in Pig'. jS, page isj, Is aufK- 
cient ivitli the fnliowing ciplan.ition.) 

A is a heavy rimmed wheel in rapid rotation in the ring B, ivhich it 
supported inside another ring, C, susptntlcl by a lliii.'ad D E, and 
capable of turning on the point F. Ai the earth rtttates the micro- 
scope and 5*fl!e are cairisd round in the oppo5iic dirctii^n to Ihcil of 
the hanils of a wntcl), in the northtrn hcmisphtre, and thtrefore the 
end nf ihe pointer S appeniato move in ihcsamc difeclion as waicli 
hands. 
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MODEL ANSWERS TO QUESTIONS W ELEMENTARY 
PHYSIOGRAPHY, 

Skbjxs I, 

I. (a) Wttttbuioilde? 

(fr) Nome two oxides which are alwajt present in iba atmosphere mni giv 
lhd( composilinn. 

(() What is the most abondaut oxide In the cmt of the globe ? 
(J) Etat« w!ii.t J'ini know concerning the compositioa and mode of occoirence 
ot this oxide. 

£0} An oiide U a compound fo-rmcd by the union of oijgen with another 
element ; tliat ii, s binary compound hawiag oxygsn for one of Us 
ccnititueiit:. 

[S) Carbon ditaide, or Carbonic kcid, CO^; Water, or bydrogen 
nwinoii'Iri= HiO. 

(it) Silica, 01 oxide of rilicon. 

{J) Silica ii composed of silicon and oxygen, and has the cbemical formD] 
SiOy It occurs /iiiri in nature in tlie crystalline form as (juarli and 
liidyniite, and in the Don-crystaUiae or arnoirj.hous foim as opal. 
M&ny other minerals are mixtures of these vane ties witb eacb other 
and variouii- iiDpurflit:». f ilica ileo occurf abundantly In 'Ccmbitialion 
with metallic oxides, forming silicates. The felspars and micaa 
cxampies cf aoch groups of minerals. 

3. (n) Why is the tube of a tliemioiiieCer nuje vith a narrow bore, wliiJ 
the bolb is large? 

(t) Why is the top of a thmnomeCer tube sealed up 7 
((■) Why ia mercury the best liquid (o use in a. thennometor nnd 
ordinary drcumstances ? 

(rf) Ondcr what circumstances U alcohol used instead of unercnry? 

(a) In order to malie the the-rmometer sen.'iLlive to email variHtions of 
lempcmture : Let two buli:>s be taken of emctly Ibe same site, but 
having stems differitig considerably in width. Fill each of (he 
buLbs with meicury, a.nd Chea place them together in hot water. 
The mercury expands the same amount in each bulb, but the iodii 
tioDS on the stems will be very dilferent. In the bulb with the ndd 
stem l)ie lop of the mercury will have moved a short distnuce above 
its former positipn, but in the case of the bolb with the narrow stem 
the same itii^rea;^ of vuhime hAS b«en lengtWtied out, in coDseqcenca 
0/ the line bore, so the top of the mercury will have moved a 1 
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(6) Tft pre-vent loss by evaporation -. If the liqnid in the fhermotnetEr were 

allowed to evapoi-ate, the gradualioQ of the iraitnunent would soon 
be useless. By scaling up the end, dirt is also ptuvuiited from 
enlering the thermomcler. 

(f} It remains liquid thiuugh a long cange of teiapeiatoic, vis : 40' F. to 
660° F. 

Ita rate of apansion is practicalij constant. 
It has a low specific lieot. 
It is a good conductor of heat 
It i-s easily seen againiit the glass, 
(if) In llermQinelcrs required tp indlcBte lijw temperaturts ; Meicuiy 
Eteezea wliea its Ismperature is lowered to 40° below sero (FalitEahei t) ; 
alcohol lias never beoa froicii. Alcohu) is also frequently used 
instead of mcrtuty in common thcTJUoiiicttrs, op account of its 
cheapness. 

3. Stale the origio of tlie following appearances about an active volcano, 
(o) The clouds which collect above it, 

(&} The glow seeo above it at aiglit. 
(c) The flashes of lightning' playing ahoBt the cloud, 
(rf) The sounds which are heard. 
{a) The vapoui of ivater forms almost the whole of the wiute cloud which 

hangs over z voltfl-no in action. Water is one of the chief agenis of 
volcanic outbursts. Its vapour, stcain, accumulates nt volcanic 
centres, and in time overcomes the ptessure tending to prevent its 
escape. The cause of vulcanic CKplosiutis is thus the cxpaD:aion and 
escape of masses of high pressure water vapour, cind the cloudti 
refEired to iire caused by the condensation gf this vapouT. 

(i) The jrlsre of the molten lava in the cra.ler of iha volcano beiog 
reflected from th« clouds above. Steam escaping from a lucomalive 
cao often be ieau at night siiiiilEtrly illuininateii i>y the light of the 
open furnace door, 

(e) The friction of escapigg paitielw of waler-vapcHT, and dust against 
the i:idcs of the cra.tcr, and a^iunst O'Uc another, develops a large 
quautily of dectricily. Different pEtrta of the douds get differently 
electrified, and the electrical cocdilion of some clouds differ from that 
of the adjacent surface of the earth. When the electrical tension is 
sufficiently hig'h, sparks pass between two clouds, or between clouds 
and the earth, and by raising the air and dust particks to a stale of 
incandescence, produce Ihe plienomenon known as li^;hlriii!(;. 

((/J The thunder which accompanies the electrical discharges, eiplosions 
of steiim., BJid Che grinding together of large and small masaei* of rock 
inside and oolside the crater. 

4. IT you ascended to the height of 3} mile; in a bnllooni carrying o 

|jaronkeI>er and a thermometcri state — 
(/)) The indication which would be given by the barometer, 
■fi) Yoor explanation of this. 

'f) The ujdi'cflu'on wliicli would be given 'bv the GmnnumSketi. 
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{d) YoDT eiplanation of thu. ■' - 

(«) The barometer would &11 to 15 iitchei, that ii, one-half the IncBcatkut 
at sea level. 

The column of mercmy ac other liquid in a baToimrter balances a 
column of air of the same sectional area, entending to the limits 1^ 
the earth'a atmospheie. If the column of air is shortened hy 3} 
miles by ascending into the atmosphere, the mercury in the bafometer 
blls, ^nce air is elastic, the layers neat the earth's suifkce an much 
densra than those higher up ; hence, although the stnKMpliere 
prabablr extends to & height o£ 200 mile^ oae-hdf <^ It ■ Jeft 
behiitd In asccndiiig 3^ miles. 

(<) The fall of temperature would be about i' Fahr, for every 300 feet of 
ascent, so if the temperature at the earth's surface were 60" Fahr., 
at a height of 3} miles (18,480 feet) it would be i" Fahr., that 1331" 
Fahr., below the freezing point of water. 

{d) The atmosphere derives its heat chiefly by radiation from the earth's 
snrface, arid not directly from the sun ; air at a height of three-and-a 
half miles is thus further removed from Ihe radiating source than 
that at sea level, and is consequently colder. The eapandon of air 
in ri^g also causes the atmo^erc at a high kvel ta ban a low 
temperatnret 

Sekiks n. 

^ Define forcci energy, momentum, stress. 

Feree is any cause that alters, or tends to alter, the motioa of a body, or 

that of Its inriable particles. 
Energy is the capacity or power of doing work. There are two kinds or 

forms of enerey. viz., the energy which a body possesses In vlrtne of 

its motion, called KiniHc Energy, and PottiUial Energy, or energy tA 

position. 

Moiiieittum is quantity of motion. It is measured by multiplying the 

mass of the moving body by its velocity. 
Stress is the word used to denote the whole phenomena of the action, or 

the mntnal action, between two portiona of matter, 

& What are the &cts iriilcli prov« that Ae earth revolves roand the ton, 
and not the sun nmod the earth 1 

(n) The Aberration of light : Owing to the motion of the earth in Its 
orbit, combined with the velodty of light, stars are always seen 

twenty seconds of arc in advance of their true portion. The result 
of this is that in a year the stars describe ellipses in the heavens 
representing the earth's orbit in miniature. I'he major axia of each 
apparent ellipse is 40", but the minor axis is least for stars on the 
ecliptic, and greatest for stars near the pole of the ecliptic, when it 
becomes equal to the major axis. 
\S) The Annual Parallax of fixed Stars : Some of the stars are seen in % 
aUghtly different direction when viewed at intervals t£ rix tnosthk 
This IS because dwy are obaeiie& tiot& \.w<» we'^o^ v^sbi on the 
eazth'a orbib 
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(e) Newton's Proof : It can be shown mathematically that the earth ransf 
move around the sun, and not the son around Che earth, in consequence 
of its smaller mass. In &ct, the two bodies move around thdr 
CMumon centre of gmvitjr. 

7. How has tlte ahape of the earth'i ottAt been detorminBd 7 

By measuring the sun's angular diameter throngtiout the Tear. The nin 
would always appear to have the same, diameta if tne earth moved 
aronnd it in a circular path, but daily measurements show that it 

increases from July to January, and then decreases from January 
to July every year. By plotting down the series of measures, it has 
been found that the shape of the earth's orbit is that of an ellipse or 
oval, the sun occnp3ing one of the two fbcL 

8. What is sideteal and what is mean time ? 

Sidareai Time is time reckoned or measured by the stars. The interral 
that elapses between two soccessive ttandts of a star— a sidereal 
day — is divided into twenty-four hours. The starling point of a 
sidereal ds.y, and the point from which sidereal time is counted, is the 
'First point of Aries.' When this crosses the meridian of a place, 
the sidereal time is o hours o rains, o sees. The number of hours, 
minutes, and aeconds that Itave »rlap«i^ since the transit of the First 
Funt of Aries is the ddereal time at the motnent of observation. 

Mian Ttnu is time kept by an imaginaiy sun moving uniformlv along the 
equator at the same ftvetage rate as die real son in the ecliptic. 
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Tb« iiaUowiiig Appuatos, &c, ji oonndcnd bj the DeputaMnt ot Science 
ud Alt to be iiklupeiisable for the effictent tcecUog of Riyaogiaphjr, The 
utido CM be obtuned, ai the prices quoted below, from J, J. Gdffin & Sasa, 
Ganidc Street, LdiuIod. W.C 



Bunten Barner, Rose, Blowpipe Jet 

Platinnm Foil and Wire .. 

Two Retort Stands, each with a clamp and 3 tings 

Sand Bath 

Two pieces of Wite Gatue 

Set lit 6 C'/r'k Borers, in case, with iron lod ... 

Pneumatic Trough .,, ... 

Two China Basins 

Pmcelain Evaponliog Basin 

Bell Jar, stopjicrcd 

Flasks— 2 of 24 oz. ; 3 of 16 'jz ; 3 of 8 oz. ,„ 
Test 'J'ube Stand with holes nn<i pegs for 12 tiiiics 

Test Tubes— II of 6 x i inches 

Maximum Thermometer 

Minimum Thermometer 

Blacic Bulb Thermometer 

Barometer 

Rain Gauge 

Oni; Celestial and i Terrestrial Globe 

Geological Map of Hrilish tales 

I'iecc of Magnetic Iron Ore 
Magnetic Needle on vertical pivot 

Horseshoe Magnet 

Iron and Steel Filings 

Knitting Needles to magoetisc 

Compass Card .. 

nicctrical Glass Tube 

Fur and Silk Rubbers 

Stick of ShelUc 

Sulphur ... 

,, Scaling Wax ... ... 

Electroscope 

ElectFophortu 

InwlatiDg Stand 
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Collections of Minerals, Rocks, and Fossils, and sections of Rocks for the 
microscope, without which it is impiossible to teach physiography piopecly, 
can bo obtained from T. D. Russell, 78, Newgate Stcetf, E.C^ (ff J. R. 
Calory, 88, Cburluttu Street, Filuoy Sc^wtie, 



AbitphatiOMh chromatic, loa 
AliemiLoi], cons um -nf, ijq 
Abciratioti >of HeKt, ii3, 130 

AcliTomalic Icns^ 1^3 

Add*, 6^ 

Aclinic lific, 385 

Agates, 17a 

Afcimc line, ^flj 

Atr. composhvon, ffgs-sg? 

Air. in>QL^iurF in^ 301, 304 

Aii-pUTTipt 39a 

Air, wcighf cf, sBd 

All^alics, 6+ 

Allotrot>k forrrs of dtmPnW, 

6S 

Alluvial plam» ancl dcpo^iiaj 

AliLiudeand tempera ture» 303 
Anmicnia, 

Amorphous lub^Dsrcei, 70,flH 
Amplitude, 99 
Analysis and «ynlli«iBT 54 
Anchor 1cf„ fij 
AncmomcltfT, 353 
Angiil.-ir ifieasuremeiiir, 53 
Anmua] paraUAx of aiar^ 13; 
AhOTHBiii^lt yiar, i6a 
Ant hraci ip„ ao^ 
Anii-c-yclaneT 33-4 
Anti-iradn, q?? 
Apbdioni ftrd perihelion, «7, 
Ml 

Aj-ctic And Antarctic nrdes, 

Arictj first point of, 140 
Arttftjan wella, 344 
A&bfiiO'i, 174 

A^LJQLIQIltLC^ LclflCOpe, I94 
Adaaiic, b«d cf^ sCii 
Almo^phpre, liPiEhi of^ 393 
Atmnrpphtr?, molsmrcm, 301, 

Aimo^pheric dpciridiy, gg^ 
Amno^pheric preftaure, 887- 

AtoUi. igij-soj 
Aiamic wd.gViU> 

ArtrBciian or pressure, » 



Aurora bOTC*li>» 3S3, 397 

Aver-ae-c hciehtarcontincn ts, 
AeiMUih, 91J 



BftB at rivec-moulh, 374 
Barometer, sgo, 334., 336 
Basalt. tBj, »|t 
Bcachfst raiscdt 134 

BoUiiLS p4^nl of water* ^2J ga 

Horan, 73 

Boufdtr day, 368 

Bayle'a law, 35 

' Brave w-cH windi,' 338 

Brazilian ptbblc, 173 

Breccia^ 1B7 

Brrczes, land and sea., 334 
BFomine, 74 
Buys-Ballot law, 333 



Clay, 1B5 
CleawdEe. 941 
ClimACe, 3fl3. 339 
Clouds, 308 
Cwli *M-*TO 
CoQAt line, BXtton UpoA, 

363 

CoccoHths and cocco5phcrcs> 

"94 , 
Cohesion, 27, 33 
Campasa, 579, 3SS 
CondEiuaricin and evapoo- 

lioin« 
Ca n due [ivify, 
Can glcnLe rale, ]96 
Ccin^crvatLDn ofeiifirgy, 34 
Contour linesi ai5 
CanvfCitio-n, 50 
Ci>'Or£lina[cs of a point, gjl 
Capcmican ayaLcaii tig 
Cora] reefi, 1916-103, 13^^ ' 
CruLcr, 314 
CrevaMCB , ^sa 
Cn'stallisaiion. Za, ifiB 
CumbcrlaTid iicnc, 370 
CurrcaCs ia ocean, aj$ 
C/clones, 33;}, 33B 



CAtaxa^AB, reform of the, ifii 
Calm, cquatoHa! b6ll of, jap 
caloric, 36 
Caftona. 359 

C^pLllxry (rlevation aiid de- 

prE»ion. 34 
Carbon, 6B, 74 
Carlson dioxidr, 6j. 64, 70 
CarboTiates, 175 
Carbonic ojeidc. 64. 73 
Cai^Loal poirns, 10-5, 113, 3^3 
CEniigrade teak, 4^ 
Ceotini^trea compjircd w\ih 

InchH. jr 
ChalL:, 103 

Cliallctigcr cipedilion, 358, 

s6i, afii, 7^9, 371, aQa 
Charcoalor lampbUck,^, 70 
Chemical a.f&n\ty. 54 
Cliejn'ir^a]. compounda,, 55, 56 

CliciiMfliry deaTied. s« 
China day, 175, 185 
Caiioritic, 74 

Chromatic abcrrationT 103 
Cinder conc^ ast 
Circle, definiEBoa, ^3 
Circlft. BTcatf ^4 
C\v\\ day and 



D 

Davx heat raji, jni 
Dacuin line, 7^iS 
Day and night, i^^ 
Day and year, meajiunninil 

Day. dvLl, T3-6 ; ular and 

sldcrcaT, 105, 154 
DecUniViipn ofa ^ur, 114 
DcHa^raiiog tpdOn, 6v 
Degreej, cninikEes, and 

Seconds , 9p6 
DeefCK of latimde and lorvgi- 

Ludc, length of, te6, 1^2 
DdiqucsccDi Aub»«LQca, 83 

Delta, 37s 

Density (pfa body, 30 
Deositynf earth, ai 1 ; water, 
B3 

DciLUdaliEMT, 964, 3§4S, 
DttriiLis, crdcbm» ^ 
Dew, 5u6 
Diamorhd, fiS, 69 
DiaEcm Qoie, aA; 



Dip of lErata, 343 
D1«ilE»uon and evaporation 

of wa.Eer, 84^ 
DivinlblUry of inaiter, to 

Doiamite, iqo 
DucLility^ 18 
Dyko, 916, 344 



E 

EamtW, oblale spheroid. 

Earth pillfln^ 358 
Eartb, proofs of Tocundiiy. 
lie 

Earth's inle^ior, a^; 
Earthqualita, 33 r 
EarLh'Wormi, «crk of, 364 
tilciefiiridliT of an ellipse, 55 
Eclipiic. 12Q, ijs, 137 
Eitfcl lower- 13& 

Elaa lidiy, aS 
Elpctri-cal madunc^ 393 

Eleciridry, 3g& 
Electrnscop*, ggi 
Elfmcntt, 55, 56^ 57 
EIfhiphis, allnLri^plf Ebrnia or, 

ElUpEP, de&nilioii of. 94 

En^lL^b umuof lengtn, ii 
EquAtGon of lime, 16a 
Squalor, 114, 1^5 
Equinoctul or [ropical yur, 

Equinoxes, 137, 14a, 143 
E r&aion. 356 
EHcarpnitaE, 344 
Ether, 36 
f-udiamcter, 75 
Evaporation and condenia- 

tion, 3^34 
Evapfitation and dTfdIlAtian 

flf walei, S4-B5 
Eia.min»liciit quratLons and 

answers , 401 
EipaaAiOh due to b»t,3B, 39 



F 

Fault'!, -j^i 
FflspiTs, 171 
FiUtaLion &f water, B4 
Ficpcda, 336 

Firsi point of Aiips, 140 
Fived &TarE and planetH, lofi 
Flint, 17^. tgo 



Focal length i>r leoai toi 
Fogi and fniscs, 307 
Foot-pound, 93 
ForBrnimfFm, igfj »03 
Forte, 15 

FwaUi, a 39. 34^-350 

Fo^icai^^^'s p^n^ulLjifl CSperi- 

mcnu. L91 
Tncxing point of water, *», 

66 

French nnits of length and 

IDO^i, lit 

Trent, JC17 

G 

G*BDHO| l&l^ 

GnEena, 177 

Oav, dtriniclDn of a, 

GeolDgiczal periods, 950 

GlaciaL dnfE^ 371 
Gbctal AimEian, j5S 
GlpticrA^ B4r), 
GLas-t, 375 

Glcbi^trrinB, T^j. sdj, ifr^ 
Gneiv, 197 
tinaoion, 136 

Oraphitcor prumbafCt 
<^rflV]TaEi[3]ij New-iona Uw, 19 
Graviiyj ipttific, 3a 
Grtenwicbi nneanlime, 156 
GrcfionaTi calciidj^r. 363 
Ground ice, 87 
Gulf StrcarTi., ^73, 573, 37S 
Gyp&uuiL 176, i^Q 
Gyroisoupe, Foucaull^i, na^ 



H 

H^U, 3^1 
Hala, 3og 

Hard and sdft walem, 
liardiiFto^ lahlea □! rdativE, 

Htat^ Bources of, j6 
Heal, spedfic, 37 
Heai and eaersy. 35 
Heat and tempern^tutB, dit- 

lEiiclion bet wren I ^fi 
Hticromorj^hiim, 171 
Hoar fnHE, 307 
Hcnion. siB, m 
Hurricanic, 333 
Hydffl *0Tir.dkcie rod, s$q 
Hl'drogen, G5 
Hygrometer, 305 



I 

IccbFTga, ice^ficld, Ice-floe*, 
jcF-foof, drEft-ice, pock -ice, 

TccSand &par, 175 
Ice-ftcratched rocks, jftg 
]£nec»ui rocks, i3o 
Ictpulsc *jf a force, (?, ifl 
1 lie [in Hi ion, maBnelk, 383 
JnduratioQi, g^i 
IneTila, 16 
rodine. 74 
rron-py rites, 177 
laobarB, 3 j i 
IsocLlDiclmea, 3B5 
InfiOuic llnee, 3^3-4 
iHfKhemial Kau, 384 



K 

Kaoun, 175, 1B5 
Kepler's laws, 1 
Rinplic energy, 33 
Kinetic theory of ga«u, 35 
RnoEr or e<!agraphical miJeT 



L 



LAUEdepa^iU, 374 
La^ca. 3Sfl 
Lain pblack'or charcoal, 6S, 70 
Land of |he rnidDifibE auil, 
146 

Land and spa treeien, 3Z4 
L>ajid and water h-pmisphrrea, 

aS4 
Lapilli, 317 
l^a,tej]L lieat, ^y-go 
Latiiudc, J14-LE71 EjE 
Laiiiud-E and temperature, 

jw 

Lo-voj arid Uva-ftreanu, iftt, 

314, Ji6t 7i3 
Law!4 of motion, xg, 17,30 
Lcn^';Eh, iiniiA of, 11 
Lense^^ loi 
LiEhlmng, 303-6 

Lignite, 2og 
Limes lone, 704 
Liquid, dctiniLioa of a, ^ 
Loam, J34 
LDde:itonc, 177", 37A 
J.Qikdan water supply, 345 
Longitude a.i\A lime, relation 

hpEWcen, i^j 
Lubber liae in composa, 389 



INDEX. 



Macwetic dKliiuiioni 38 j : 
iDclLciaiton, 33^3 ; induciir^Ei, 

Magnetic poica ofcArth, j^*, 

Mat^nfciam and el-ecEficity. 

Mai Icatqli ty. 

Mititisc^a campua, 18S 
Marl, iflfi 
Mass. 16 

Mftuer» phyM»l and chcnil- 

Mean cimc, 156 

Mfchiinical minttirea and 

cHcmLcal ccm pounds, 
MediEerraTiPiui sta, rtmp^ra- 

turc of, -573 
Mercury, why nanl 1p ther- 

McridlanJL, ei:»5, 117, 151 
McTmniB, 337, atio, sg3 
IpfgEitC bihlU, II, 39, 17, 9$ 

Mincralai 16s 

UdIpcliI«, Lip 
Morn-en tiEinp 17,1^ 
Monsocnni, 33a 
Morabo^ 366 
Motion and m^LCtcr, 9 
Motion, laws of, ij, 17, an 



N 

If ADTH, 0& 

Ncedlcfe or itacks, 9(4 

H&vA or (im, bSo 

Mewtoa'a law of ^aniraiiarir 

NiAgaia Fall5. 36 T 
Kipniand day, 145 

liodea, line of, 140 



Oqljtc, 305 

Oolcb on 9«, bed, 9^4—367 

Opa\, 171 

Orbu ai tarib, nB, t^^, 147 
Oulcrop, 3^3, 
OxidCi dcfiniiitFD of an, 63 
Oiideir Acid, bakic, oad 

neatial. 64 
Oxygen, So, 7S. ^93 
Oio^c, 6$, 



pAtiPic, bed of, 3S3 

Parallelogram of lorccll., 17 

Peld's hair. lEo, 917 
PtndMlutn, uB 
Pendulum etperimenti, 

Fniicauli s, jti 
Perched liEocb^, 371 
Perihelion and jaiiciclLan, 517^ 

PctB-ifying Bpinnga, 347 
PiiQiphorus, js 

Plane, dcliDjtI<:ia of, 95 

PUnets And Rxed Mars, 196 

Plaster of Paris, 1-76 

Pliiiiibaeo *>r grciphilc, fiS, Btt 

PfiiTonic rock?, t&i 

Pol e "Star an d Poioitrs, iig 

Poli!3 of a iiia£nrr, 37Q 

Pur-D^iiy, 5 

PaienCiaE energy, 33 

Pol 'boles J 36s 

Pour^dalj 19 

Precession of the equinoxes, 
140-1 

Pj«»ureor&ttractioDi Bd 

Prism, 103 
FEcropnd pom, -165 
Ptimice, ai6 



QUAVTZ And quartnl?, 173^ 
tgi 



RadEalacia, i^^, i^, 366 
Rain, 309 

Rainfall, cOndi lions affecting, 
3"3 

RaLiL-EB-iig-e. 311 

RainJes& dL^lng^, 315, ^ij 
RaLseti beaches, 3^4 
|lLeauiniir ^-cale, 4^ 
Repdajon or Leraion, 
Rifrhc arglH, ^f, 
Wighi aSLtmion. 154 
Ripple icarLs, 
Rbver-lia5.iiis, 31^^ 
Rivcr-bed depo?i[9, 37a 
River Ltrrace?, 373 
Rivflr valleys, 359 
RU'prR, 347 

Rivri^, tranapoffLof {Iciritiis, 

*Roanng Foriien, jaS 
R.Dch« mautonn^, 369 
R^k, dt£acd, 1:71 



Rork-TDrnhmff minenli, 1^4 

^CiUs of organic Ocigifl, 1^3 
Rocic crv^ul, [jn 

Rock tables, 3^1 

K.oia[ion of urih, proofo of. 



Sahara de9crt» 317 
St. Fliiio'p lire, jpfi 
Srtit, riDck', tBg 

Saltwater lates, 351 
Srinds and aaridHtone^ tB6 
^arga££<> leas, ijj 
SalLiTviCcd foluiion, meanino 

or. Si 
Saturn I Ion, jo^s 
Srcale drao'ln^, 944 
Schhifl. igi 

Strer-, 337 

Sea-bciiL^Fu^ orm ot, »6a, 
Sea-dcptli«, a^j. bjeS, 260 
Sea-depth?„ aii^i|jillircin» afij 
S<a-fl<>or, nntiiFE ol, afio, 0164 
Sea tciDperaluru, 

Sea-wnlcr,conipflsUiun of, 354 
Eca-watpr, frec/Lngf poiiil, 771^ 
Sea- water, yped fie (jrnviry of, 

357 
S^r^^<lta^, 141 

Si-iamlc vcTCicaJ, a^ 
Scleniurn. 75 
S.erpenline, 174 
SbaJe, jSi 
S}]»p-roclu, 370 
Sidereal dajy. jds, 1J4, 

Sidereai year, loi 
SjgTkS of the Zodiac, 140 
14a 

Silicates, 173, 174 
Silioiti. 75 
Simoom, 3ji 
&jnrer, a^n^ 347 
Sirocco. 331 
Slate, iBs 
SlatFB, igt 
Sleer, ^1 
SluiIt<G ict, 

SbOH^'fiel^. 380 
Snowline, 

Soft and hard waters. S3 
Soil, 35+ 
Sulant^ 331 
Solar <Iar. rogn 154 
Solfetarai, 3^1 
Solid, «le|inE[ian -ot Oi, 3a 
Sobth:c4,. J37, i^i, 143, 300 
SoOndiDs iu-deplh*, ajS 



I- 



Specific era-vityt jo, i45 
Specific btat, 17 
SfOi&t. hw at Kitcr, go 
S|ihere, defiaEtian qF, ^ 
Spring!, 343 

Stalftctiles uid atAlaentiie.i. 
187 

Storma, csuM ef, jjg 

SllS-ID. 37 

Siia.ta, order of rgoccMicm or. 

Streak oFa mineral, (67 
Stress. 91 
Slromlnl]. 11 j 

SuTphalea, 
Sulphur, 75 



Sbumner ajid winter, 14^ 



SuD. Laoi of ibe mi 

Sun I apparent rnmion, 114 
SuQ^s distance from tan h I 131 
aun i heal, 99^ 
SuA'diaJ, lo; 

Sjnclioal and aaliclioal fglds, 

S^iliBis, 54, 67 
SjmiheiU of water, jg 



Talc, tj4, 

;r<l«™pi, asironjmical, »m 
lipiperaiurt and bial, di». 

Unction bei-ween, ij 
T«inpera.iure of „nl,', la 

lennr. s,a 
icmpefinirc nf Dcein, j6o 
lenagiij,, ,8 
I iiaion or repul^apj „ 



INDEX. 

TaretErial utaititcium aiid 

eleririciiy, jj! 
Tbcimomctet, hirw 10 jridy- 

ale, 

Thcnnopi*[er3. rarioiia ldnd», 

169. yvi, 
ThrrmomcTtic »calc!i, 43 
Thunder, 

Time, ^ti, i^fi, ifia 

Tornado, 

Torsion, ij 

Trade wind», 3J7 

Tralalg^ Squiw ountsiru, 

TiaiLsn initrumcnu to; 
Tr;insi)<)rt ol deCTLCiu, 
36* 

Travcrllne, 1S9 

Trap-isal o[ -equioocliBl jenr, 

161 
TnJpicSi E44 
Typhoon, J3J 



u 

UnCONrDHHABLS vtraM, ■43 
Units of ana, valume. aad 

lirae, la 
U DIE of lijTce. 11^ .i Unglhi u ^ 



Vapour. debuiLli^a of, ^6 
Velociiv. 13 

Viicoijtj'i 19 



Volcanic honnlw, »I7 

Volcanic cone*. a« 
Volcanic diut oranhi 317 

Volcanic EOClll, itlo 

Volcanoes^ 913 

Volranoci, liaeai diatrtbuli^ti 

VoltajMlcT, jS 



W 

W*TB«, Dompotiiion Sc. iif, 

WoierfnJls, 361 
Wafers pout, 

Water supply. Lone! jn, 34; 
Weather charts, 

Wel&. 34, 
Win J, 3 J, 

Wiaier aad sumrner, 111 
Work, ai 



Ybai and day, mcasorEmcnt 
of, 153 

Vear, anomalistic, i6at dwil. 
jtit - *,iiitTeA\, 161 ', trjpical 
■V equinoctial, i6± 



Zehlth, 

Zodiac, acgns of, ixu, 14^ 
ZODU, 



SPECZ9EEN', POST FILEE, la. 6d. 
0»wn 8vo., aOO pp. m;/?D EOITION. Priee Z"- 

PROFESSOR DARQUEi'S 

PDPIL TEACHERS' FRENCH COURSE 

By F- E. DARQUfi, for Sixteen Years Piintipal Frencb Master, 
Uulwich College, 

EVERY tjueats^n set at tks last Sch^farshlp ftramiitatJort could hat/B bfin 
ananjored PERFECTLY bt/ ttnij Student mha hatt used Prof. Darqiie'a booh. 

I^iiemry iV^tirld uyB L At l^st we tave LLfa pEeaaurfl of ^olcomm^ 3 French 
Cod™ con^iruciod on ratioijal prindplesi acoiureo^ tV.^ whjcli attompls to tea<:h not 
mere HTammar, bjt the cv^ird^y Uia^a^ -of Educated French p'Bople. Pcof. Darqu^^ 
after Lbirty-iive years' BipieTicm^e Frj^ikch ma^Eer^ jmlily ridicoJes the absurd mtitlmda 
of teaching foreign lan^i]:iga;> ci>niin(jn]y iji Vd^uo iTi England. Tfie Eierciae SysEemj 
as grrnsraliy u^ed, tha sluJy of the pceiiry and prose of past ccnlurics, and the con-caiH'- 
trating at thft-iuUirt <f\ih.^ wtliilfl 61 tho mcrtUl r^CulLiea on the study of <ira:tomar, ir* 
all coTidemntd ^ inadequate me^n? \o the end in view — Ei^mcly. ih^t one may readEEy 
convey nne's l:boiiy:hE; eh Frcikcb aptaking peapJc and undtrsland tbeiri. FrDre^^or 
Darijue begini. by teaching his pupils ft few c*>tnniQn|il3r:fl scnicncos, and then exrEeisCB 
their unilerstanJknig by niEans of qapstion and answer. In his cdurae the Erat di^se oF 
FrCiLch aJminuCered \a the student consists of the mierrDgailve pjoPOEiiis fno^X 
coraraonly empkyi'dp^iiidinnnibftr oFlhOft iiMil^tcet illu&tfiCiii^ their nit- We bOIite 
;i|ftu that in the early eierciae^ a good nnniber of French wnrd& are uied tb,it are 
identical with, or verj like, the corresponding English wurda, thereby giviafi tbc pupil 
uBcrul andoncoura^ng i^e^i^ nf ^^lO kinship cirtJieTanguages- 

T'Atf Afodem J^anffu/i^ ASonthly taya : — We ihoroUghEy agree vitb tbfi anther of 
tbia cuurta that, fer (lupili who begrin [tie study of French after ilicy h^iVD Eaamt a little 
of Lhe vematzular. tho Ir^niliition 4f di^eanHflCLcd ««nleJl''04 m^t the truicknt mi^thud 
of leurriLn^ the ]aii|ruage, and wi? aUg concur wiLb him in his ^troagcoaderEi nation of 
th-ti pniGLii;o \>i learning modern fiench tlirunRh the niedLuinof tho Fiench tUaaks of 
tlie 17th and lAth ccnturjffi. AccurdingCy.be prDcetdif on tlje plan of £rst giving an 
extract uF moiiern Frencli ^ then a l[a.D%lHi[i[iii cf tha sitncL inco Engliah, silc an 
ecereiaD for traa^lalim billet or the vocabulary and phrases oF the pr«codiiie; 
finally, the graiamar nilts ^lucb they Illltatrate. Dh the nrhoM hd achieved hii 
task successhilly^. The boofc is very well printed, and 1. deiteroua uab Ie made of bold 
type To assist the flye." 

'iTm I'aiNCJPAi-, ' Royal' Univer-iity College Cl-aasu : — " I CAunat can.cfuvB Any' hing 
beLEcr for our purpo^o than Darque.'* 

Alt TN-irtc-ruH's AssisrA.'JT wrStcA " Darqtio^s Fiencb for PupU T&acheA it 4m 
eitcQlleat bucjkr*' 

The PHOtESSOHOFLETEBATUHE at ihfl LycSo. Veriaillo*. writw: "Le pJingfn^ral 
do TouvragCi mo paro^i diccIIciiI:; Eii»;rj;niGr par la pratiquB ptuLQt que pu \a tbeoiie me 
para ft la vcie la ptat rdpide cl la nicill«uro- 

The Educational Nfifis says x—" Tha above dealencd ' Fronch Coune * deaervBB 
commendaticm as ae eamest attempt to familiarise English fitudenli ^itb a ■caaiblo 
method of learning French," 

The Evenifig Nnvt and Past says ; — " A book that should ha?D a wide □opuladly 
amongsE Eho3e nbo dcairo to find a short and easy cm to a kaowlcdfo of toe French 

The Trackers' Aid say* ;— " Of the making of French Ceunu' there ii now no 
md, and (his Es aart of Lbe best a-mco^ maoy. - , . A Aell ^L-up book in all mpDctSp 
Tko print in^ dleacrvcs a tpccial word of praiftQ.'' 

Tkf Civil Sffttic^ Ca^fte ijys :^"^We conunoad it hflartily." 

A HhXd Ma.ttem ttrite?:—'^ 'The book certainly is a departure in the riffbt direction, 
and I intend uaiag it in acbt/ctU" 



S^*H«P McOeety^e rnapeotDratiava. In all papts of the oountry, rre«V teetlHieft 
to tha DHcellencB of Prof. Dsrqu^'s Fr&nch Courae, «»peclAll> a« to 
Ita lltnflHe far Pupil Teachers' uae. 
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JOSEPH HtJOHES & CO., Pil^Im Street, Ludgate HIU, 



